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Dear Sid 



Applicants appeal the final rejection of claims 1-14 and 16 in the above-captioned patent 
application. The claims on appeal have been finally rejected pursuant to MPEP 706.07(a). 
Accordingly, this appeal is proper and is filed in triplicate. 

I. REAL PARTY TN INTEREST: 

i 

ijhe real party of interest of the above-identified application is Winbond Electronics 
Corporation, a Taiwan company having its principal place of business at No. 4, Creation Road 
III, Scierice-Bascd Industrial Park, Hsinchu, Taiwan, ROC. The assignment is recorded in the 
U.S. Patent and Trademark Office on at Reel/Frame 0 1 1 685/0699. 

II. RELATED APPEALS AND INTERFERENCES: 

There are no appeals or interferences related to the present appeal. 
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m. Status of claims; 

c 

objected 



Claims 1-14 and 16 are pending and are the subject of this appeal. Claims 1 and 14 are 

mj d to for certain informalities in the Final Office Action dated 1 0/20/2003. The Examiner 

stated that "... In Claim 1 , "said predefined areas having been implanted with said ions," is 
redundant Similarly, in Claim 14, the phrase, "... said common region having a portion that 
has beeri implanted with said first ions," is repetitive. Corrections are required, ' Applicants 

respectfully disagree. 

All pending claims 1 - 14 and 16 stand rejected under 35 U.S.C. §103(a) as being 
unpatentable over Lin et al. 7 (US 6,355,527) in view of what the Examiner indicated was 
admitted prior art in the same Final Office Action mailed October 20, 2003. Applicants also 
disagree! to the Examiner's rejection. 

IV. STATUS OF AMENDMENTS: 

There are no amendments filed after the final rejection. In accordance with 37 C.F.R. 
1.192 (c) (9), a copy of the claims involved in the appeal is contained in the Appendix attached 
hereto, i 



V. SUMMARY OF THE INVENTION: 

The present invention relates to a method of fabricating a split gate flash memory device, 
includinjg cells having an increased coupling ratio thereby reducing the time and voltage required 
to program each cell. More particularly, the invention also includes threshold voltages 
adjustment by implanting ions into portions of the substrate defined by the floating gate regions, 
, to alW for precise threshold voltage control. Details of the claimed method are provided 
below. 

A preferred embodiment of the present invention provides a process of fabricating a flash 
memory] device including an array of split gate cells. The method includes providing a silicon 
substrate having a top surface and forming a common source region in an area of the top surface 
for each pair of said cells [Page 5, line 30 to page 6, line 2, and Fig. 2A]. The process requires a 
certain process sequence for selected steps in the manner claimed. Preferably, the method 
implants ions into predefined areas of each common source region [Page 6, lines 3-15, and Fig. 
2B] and then forms floating gates associated with the cells. That is, the formation of the floating 
gates occurs after implantation of ions into predetermined areas. Each floating gate has a 
substantial portion thereof overlying one of the predefined areas, which have already been 
implanted with ions from the previous step of implantation [Page 6, line 16 to page 8, line 3, Figs 
2C-2E. jThe method then forms select gates, each having a first extremity extending over at least 
aportioh of one of the floating gates [Page 8, lines 4-14, Figs. 2F and 2G]. The method also 
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forms drain regions associated with the cells. Each of the drain regions is positioned proximate a 
second extremity of one of the select gates [Page 8, lines 15-21, Fig. 2H]. The present process 
leads to certain benefits associated with the coupling ratio and threshold voltage as will be 
described in farther detail below. 

An aspect of the invention relates to a method of forming the floating gates of the flash 
memory device [Page 6, line 16 to page 8, line 3, Figs 2C-2E]. The method includes forming a 
tunneling oxide layer over the top surface area of the substrate, depositing a first polysilicon 
layer over the tunneling oxide layer, and depositing a nitride masking layer over the first 
polysilicon layer [Page 6, lines 16-24, Fig. 2C]. The process also includes patterning and etching 
the nitride masking layer to expose first and second portions of the first polysilicon layer, and the 
exposed jfirst and second portions substantially define first and second floating gate regions 
[Page 6, llines 24-25, Fig. 2C]. Here the patterning process is used to determine the overlap 
betweenjthe floating gates and the source region [Fig. 2C]. A threshold implantation step occurs 
after the Ipatterning process. 

Specifically, the method then implants ions into portions of the substrate defined by the 
first andjsecond floating gate regions and including opposite extremities of the common source 
region, in Order to adjust the threshold voltage of the flash memory device [Page 6, lines 26-3 1]. 
This implanting step allows precise control of threshold implant under the floating gate. The 
method continues with forming a floating gate oxide layer over the first and second exposed 
portionslof the first polysilicon layer [Page 7, lines 5-11, Fig. 2D]. After removing the nitride 
masking! layer, the method then etches the first polysilicon layer and the tunneling oxide layer 
using the floating gate oxide layer as a mask. This method leaves remaining portions of the first 
polysilicon layer and the tunneling oxide layer disposed beneath said floating gate oxide layer, 
and exppses a portion of the substrate. The remaining portions of the first polysilicon layer form 
first and! second floating gates associated with each cell. These floating gates have side walls 
and a pcjrtion which overlies a portion of the common source region, thereby providing a. high 
coupling ration for the associated cell [Page 7, lines 13-18, Figs. 2D and 2EJ. As described 
earlier, determines the extent of the overlap and, therefore, the coupling ratio [Fig. 2C-2E]. 

Using the specific process of the present invention, certain benefits are achieved over 
conventional techniques. The present process is easy to use and avoids certain processing 
difficulties of the prior art. Additionally, the step of implanting ions into each of the predefined 
first and second floating gate regions adjusts the channel threshold voltage to provide precise 
thresholjd voltages [Page 3, lines 27 - 3 1 ]. The step of forming the floating gates after 
implanting the source region allows the floating gate patterning step to determine the desired 
overlap jbetween the floating gate and the source region, and, as a result, provides a high 
coupling ratio for the associated flash cells. In contrast, in conventional devices the coupling 
between source and floating is limited by the side diffusion of the ions implanted after the 
floating! gate formation [Page 2, line 24 to page 3, line 26]. The high coupling ratio allows for 
improved programming of the present flash memory device and reduces the time and voltage 
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required b> program each cell . These and other benefits will be described throughout the present 
appeal ai^d more particularly below. 

VI. ISSUES 

I 

l{he following issues are presented: 
1 , Whether the Examiner properly objected to claims 1 and 14. 

2 Whether claims 1 -1 4 and 1 6 were properly rejected under 35 U.S.C. 103(a) as being 
unpatentable over Lin et al. (US 6,355,527) in view of what the Examiner considers admitted 
prior art 

vn. Grouping of the clajmsi 

i 

Ih the present case, the rejected claims do not all stand or fall together. Applicants 
submit that certain claims present distinct issues concerning patentability. For purposes of 
preserving these distinct issues, Applicants group the claims as follows. 



Group lc 
Group 2j: 
Group 3]: 
Group 4\ 
Group 5j; 
Claim 6j: 
Group 7: 
Group 8: 
Group 
Group lo 
Group 11 
Group 12 
Group 13 



Claim 1, which stands or falls by itself. 
Claim 2, which stands or falls by itself. 
Claim 3, which stands or fells by itself. 
Claim 4, which stands or fells by itself. 
Claims 5 and 9, which stand or fall together. 
Claim 6, .which stands or falls by itself. 
Claim 7, which stands or falls by itself. 
Claim 8 f which stands or falls by itself. 
Claim 10, which stands or falls by itself. 
Claim 1 1 , which stands or falls by itself. 
Claims 12 and 13,, which stand or fell together. 
Claim 14, which stands or falls by itself. 
Claim 16, which stands or falls by itself. 
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VIII. ARGUMENTS; 

Bfecause all the claims do not stand or fall together, Applicants present arguments for 
each claim group later in this brief Before specifically discussing the Examiner's rejection as 
applied to each of the claim groups, Applicants first address the Examiner's basis for 
maintaining the rejection which was applied to all pending claims. 

I 
i 

Improper Basis For Rejections 

i B 
The Examiner has not appreciated that the invention of claims 1 and 14 require a certain 
chronology of steps. In the Final Office Action mailed October 20, 2003, the Examiner 
summarized the grounds for maintaining the rejection of claims 1 - 14 and 16 under 35 US.C. 
103(a) ini paragraph 14 on pages 9 and 10, as follows: 

"With regard to Independent Claims 1 and 14, Examiner must again reiterate that 
he can only interpret language posed in limitations of claims and currently, Lin et 
al discloses those tenets recited in the claims of the instant application of 
Applicant There is no chronology of process s teps disclosed in the reference or 
recited in the claims of the instant application. Therefore, arguments appear 
moot." [Emphasis Added.] 

Applicants respectfully submit that the claims 1 and 14 are patentable over the cited references. 

As noted earlier and further emphasized herein, claims 1 and 14 recite a certain sequence of steps 

requiring a chronology, which the Examiner has not appreciated. Using claim 1 as an example, 

it recites, inter alia. 

"forming a common source region in an area of said top surface for each pair of said cells; 
implanting ions into predefined areas of each said c ommon source region: 

famine floating gates associated with said cells, each said floating g ate having- a substantial 
portion thereof overlvinv one of said predefined areas , said predefined areas having been 
implanted with said ions: ... " 

Since the floating gate is formed to overlie the predefined area, and the predefined area 
"has becin implanted with said ions", it is clear that ion implantation into the common source 
region precedes the floating gate formation, such that a substantial portion of the floating gates 
overliesjthe implanted common source region in the substrate that has been implanted with the 
ions. Here, forming the floating gates occurs after the predefined area has already been 
implanted with ions, so that a substantial portion of the floating gate is formed to overlie the 
implanted common source region. 



| 
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Logically and grammatically, forming the floating gates occurs after implanting ions in 
the manner claimed. In contrast, Lin et al. used a completely different process sequence. 
Column;6 lines 26 - 28 of Lin et al. stated, "source implantation is performed after the forming 
of the floating gate (140) as shown in FIG. 2E." Further, Claim lof Lin et al, (US 6,355,527) 
recites, inter alia, 

" . . . , etching said first polysilicon layer to form said floating gate using said regions of poly- 
oxide as a hard mask; then 

forming a second photoresist layer over said substrate and patterning to define source region; 
then 

performing ion implantation through openings in said second photoresist layer to form source 
region, then ..." 

The Examiner is mistaken in stating that: "no chronology of process steps disclosed in the 
reference or recited in the claims of the instant application." (Paragraph 14, Response to 
Arguments in the 10/20/2003 Office Action) As noted above, Lin et al. discloses the sequences 
of etching the first polysilicon layer, then forming a second photoresist, and then performing ion 
implantation, which are not the inventions of claims 1 and 14. Accordingly, claims 1 and 14 are 
patentable over Lin et al. 

The Examiner also misunderstands how the "coupling ratio" is increased by Lin et al. and 
the invention of claims 1 and 14. The Examiner stated, 

" The lateral diffusion in the reference (Figure 2G) is both calculable and useful for 
increasing coupling." 

The Examiner further stated, 

"Applicant has apparently misread in reference, since the coupling ratio is due to the 
Distance source extends beneath gate, as claimed in the reference and also recited in the 
instant application." 

Applicants note that, since the device in Lin et aL is formed with source implant after the floating 
gate formation, the coupling between source and floating gate is provided by lateral diffusion of 
source beneath gate. This side diffusion is limited, because the maximum allowable diffusion 
depth ok the common source region is limited (See, specification of the instant invention, page 4 
lines 23 - 30). Under such limitation, Lin et al. sought to obtain higher coupling ratio by 
coupling the floating gate with an extra polysilicon line, lin et al. stated, 'The main feature of 
the invention, ... to fonn a poly line (165) continuous over the source region (125'). . ." (Col. 6, 
lines 5 1 - 58) and " ... the poly line provides an additional vertical wall area along the edges of 
the floating gates (140). The additional area shares the voltage levels imposed between source 
(125) ahd the floating gate (140),. . .by virtue of the increased sidewall coupling area between the 
source and the floating gate , the coupling ratio is also increased- . . " (CoL 6, lines 64 - Col. 7 , 
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line3). Irk contrast, the invention of claims 1 and 14 recites a different method for achieving 
higher coupling ratio* 

The high coupling ratio flash cell device of the present invention overcomes the side- 
difiusionicoupling limitation by forming the implanted common source region first, and then 
forming tlhe floating gates (See, specification of the instant invention, page 4 lines 23 - 30). In 
this case,! the extent of overlap of the floating gate over the implanted common source region is 
determined by the patterning process (page 6, line 16 to page 7, line 18, and figs 2C - 2E), 
instead of side diffusion. This pont is further explained in the Applicants' specification, page 8, 
line 27 - page 9 line 2, "The device 200 provides cells having an increased source side coupling 
ratio relative to the prior art. The increased source side coupling ratio is due to the distance 202 
the sourcfe region extends beneath the floating gate 124A, 124B being increase over the distance 
46 the prior art source region 42 (Fig. 1) extends beneath floating gate 22, 24 (Fig. 1). This 
increased in the distance the source region 116 extends beneath the floating gate 124A. 124B is 
provided|by the method of the present invention." 

Accordingly, the invention as recited in Claim 1 and 14 of the instant application 
provides ja method to increase the extent of the overlap between source and floating gate without 
increasing the lateral diffusion and the diffusion depth of the source, thus providing an increased 
coupling Iratio. Lin et al. does not show or suggest these claimed features. Therefore, claims 1 

and 14 aife patentable over Lin et al. 

t 

Claim Objections 

| 

The Examiner objected to claims 1 and 14 in the Final Office Action mailed October 20, 

2003, ; 

"In Claim 1 , the recitation, "said predefined areas having been implanted with said ion/ 
is redundant. Similarly, in Claim 14, the phrase, , said common source region having a 
portion that has been implanted with said first ions,' is repetitive. Corrections are required." 

Applicants note that the recitations were introduced in Applicants* 08/18/2003 amendment for 
the purpose of clarifying the chronology of the process sequence, in response to the 6/1 8/2003 
Office Afction But as discussed earlier, the Examiner still fails to appreciate the chronology and 
regarded! these phrases redundant and repetitive. Applicants submit that with the amendment of 
the recitation, "said predefined areas having been implanted with said ion," in claim 1, it is now 
clear that the floating gate is formed after the common source region has been formed and has 
been impjlanted with the ions, because the floating gate has a substantial portion overlying the 
area which has been implanted with the ions. Similarly, in claim 1 4, the recitation, " c . . . . said 
common 'source region having a portion that has been implanted with said first ions," further 
clarifies that the floating gate is formed after the common source region has been formed and has 
been impjlanted with the ions. Logically and grammatically, forming the floating gates occurs 
after implanting ions in the manner claimed. 
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Therefore, claims 1 and 14 as amended clearly demonstrates a chronology of process 
sequence that is different from the process sequence described in Lin et aL Applicants request 
that the Examiner's objections to Claims 1 and 14 be removed. 

Rejection of claims under S 103(a) 

The Examiner rejected Claims 1 - 14 and 6 under 35 U.S.C. 103(a) as unpatentable over 
Lin et al.: (US 6,355,527) in view of wht the Examiner considers admitted prior art. Applicants 
respectfully traverse the rejection of these claims. 

To establish a prima facie case of obviousness under § 103(a), each of three requirements 
must be ijnet. First, there must be some suggestion or motivation, either in the references 
themselvies or in the knowledge generally available to one of ordinary skill in the art, to combine 
references or modify a reference. (MPEP § 2143.01.) Second, a reasonable expectation of 
success must exist that the proposed modification will work for the intended purpose. (MPEP § 
2143.02.) Moreover, both of these requirements must "be found in the prior art, not in 
applicant's disclosure." (MPEP § 2142.) Third, the reference or references, taken alone or in 
combination, must disclose or suggest every element recited in the claims. (MPEP §2143.03.) 

Because all the claims do not stand or fall together, Applicants will present argument for 
each claim groups. 

i 

Claim Group 1 

T]he Examiner has maintained his rejection of claim 1 under 35 U.S.C. 103(a) as being 
unpatentable over Lin et al. (US 6,355,527) in view of Wolf ("Silicon Processing for the VLSI 
ERA: Vol.2" Lattice Press, Sunset Beach, Ca., (1990), pp. 321 - 322). Here, the Examiner 
suggested that Lin et al. disclosed a method for forming split-gate flash memories with 
improved, increased coupling ratio and that Wolf> pp. 321 - 322, showed adjustment of channel 
threshold voltage using ion implantation. The Applicants disagree with the Examiner's 
argument. 

la rejecting Claim 1, the Examiner stated in the 10/20/2003 Office Action, 

"Reglarding Claim 1, Lin et al. clearly disclose a method for forming split-gate flash 
memories with improved, increased coupling ratio. A common source region is formed 
(125) (Figure 2G) in a silicon substrate. Source implantation is done using n-type implants 
(Col.1 6 lines 42 - 45) and drains (120) implanted at opposite sides of the source (and within 
the vicinity (second extremity) of gate Tegions) (Figure 2G) using n-type implants (Col 7, 
lines i 1 4 - 1 8). Floating gates (1 40) (Figure 2D) are formed, overlying areas of the common 
source region (Figure 2D) and extremities extending over the (first) part of the structure." 
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U appears that the Examiner ignored the chronology in Lin's disclosure, both in the 
specification and claims, which forms the floating gate before the source region implant, , as 
discussed earlier, Also as discussed earlier, Claim 1 of the instant invention clearly demonstrate 
a chronology. Claim 1 now recites floating gate formation after ion implantation into the 
commori source region , such that a substantial portion of the floating gates overlies the 
implanteld common source region in the substrate. Logically and grammatically, forming the 
floating gates occurs after implanting ions in the manner claimed. Lin fails to disclose or 
suggest, at least, "forming floating gates associated with said cells, each said floating gate haying 
a substantial portion thereof overlying one of said predefined areas, said predefined areas having 
been implanted with said ions." Wolf also failed to teach these claimed process steps. 

The Examiner combined Lin et al, with Wolf to teach a concept of threshold voltage 
implanting. The combination of these references still fails to show or suggest the elements of 
claim 1. ' Claim 1 also recites that implanting ions into each of said predefined areas adjusts the 
channel threshold voltage and provides a high coupling ratio for the associated flash cell, among 
other eldments. Although Wolf could have taught a general concept of threshold voltage 
implanting, it failed to show or suggest that implanting ions into each of said predefined areas 
adjusts ttte channel threshold voltage and provides a high coupling ratio for the associated flash 

cell in ttie manner claimed. 

i 

Accordingly, Claim 1 is patentable over the cited references. 
Claim Group 2 

The Examiner rejected claims 2 under 35 U.S.C. 1 03(a) as being unpatentable over Lin et 
al. in vielw of Wolf, as applied to Claim 1 above, and further in view of Sze ("Physics of 
Semiconductor Devices/' John Wiley 8c Sons, New York (1 98 1), p. 68). 

i 

Applicants submit that dependent Claim 2 that is dependant from the amended claim 1 is 
also patentable. The dependent claim 2 is patentable at least for the reasons given above, among 
other reasons. Here, the cited references do not show or suggest the combination of elements 
included in claim 2 when combined with independent claim 1 . Therefore, Claim 2 is patentable 
over the -cited prior art. 

Claim Giroup 3 

i 

The Examiner rejected claims 3 under 35 U.S.C. 103(a) as being unpatentable over Lin et 
al. in viejw of Wolf, as applied to Claim 1 above, and further in view of Sze ("Physics of 
Semiconductor Devices" John Wiley & Sons, New York (1981), p. 68), 

The Applicants submit that dependent claim depends from the amended claim 1, and 
therefore, is also patentable. The dependent claim is patentable at least for the reasons given 
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above, among other reasons. Here, the cited references do not show or suggest the combination 
of elements included in claim 3 when combined with independent claim 1. As noted, Claim 3 is 
also patentable for other reasons. 

In particular, Claim 3 further recites that the ions implanted to form the common source 
region include arsenic ions. The Examiner stated in paragraph 5 on page 3 in the Final Office 
Action mailed October 20, 2003, 

"Although Lin et al. disclose (col. 6, lines 42 - 45) the implantation of phosphorus, both 
arsenic and phosphorus are n-type implants and either could be used. The diffusion 
coefficients of these n-type dopants are well known in the art ( See Sze, page 68) and^ 
differences in lateral and/or vertical diffusion lengths can bbe readily calculated and implant 
conditions altered accordingly. Since the phosphorus dif fuses slizhtlv faster than arsenic 
(pape 68). it would be desirable to use arsenic and therefore obvious to one of ordinary skill 
in the art at the time of the invention since both would produce similar results and thus to 
combine Sze, Wolf and Lin et al, to obtain ion implant n-type impurities within a flash 
memory device to form source regions," 

Applicants note that the Examiner's statements include arguments that appear 
inconsistent. In the above statement, the Examiner alleged, ". ..Since phosphorus diffuses 
slightly Ifaster than arsenic, it would be desirable to use arsenic . .". But in die "Response to 
Arguments" the Examiner stated, . .lateral diffusion in the reference (Figure 2G) is both 
calculable and useful for increasing coupling/* (paragraph 14, page 10, of the Final Office 
Action bailed on 10/20/2003). It would then follow that using arsenic instead of phosphorus for 
source implant in Lin et al. would have resulted in less lateral diffusion and would have 
decreased the coupling ratio. How could the Examiner state that it would be desirable to use the 
slower-diffusing arsenic ? The Examiner's arguments appear inconsistent. 

As discussed earlier, the coupling ratio in the instant invention is determined by the 
patterning process which determine the overlap between the floating gate and the source. 
Because the instant application does not depend on lateral diffusion for increased coupling ratio, 
arsenic can be advantageously used to make shallow devices. 

In addition, Lin et al. clearly taught away from using arsenic in source region implant. 
For example, Lin at al. stated (Col. 6 lines 42 - 44), "Source implant is accomplished, preferably, 
by using phosphorous ions." In addition, even though claim 21 of Lin et al. suggested using 
arsenic for drain region implantation, claim 15 of Lin et aL clearly recited using phosphorus for 
source region implantation. Accordingly, the combination of Lin et al, Wol£ and Sze not only 
failed to show or suggest, but actually taught away from, the elements of claim 3 in the instant 
application. Accordingly, there is no prima facie case of obviousness. Therefore, claim 3 is 
patentable over the cited references. 
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Claim Group 4 

I 

The Examiner rejected claim 4 under 35 U.S.C. 103(a) as being unpatentable over Lin et 
al. in vie^v of Wolf, as applied to Claim 1 above, and further in view of Wolf et al. ("Silicon 
Processing for the VLSI ERA: Vol.1 - Process Technology," Lattice Press, Sunset Beach, Ca., 
(1986), 321 - 322). 

Blecause Claim 4 depends from Claim 1, Applicants believe that claim 4 is allowable for 
at least the same reasons that claim 1 is allowable. In addition, the Examiner correctly noted that 
the use of sacrificial oxides is not disclosed. Here, the cited references do not show or suggest 
the combination of elements included in claim 4 when combined with independent claim 1. 
Therefori, Claim 4 is patentable over the cited prior art. 

Claim Group 5 

The Examiner also rejected claims 5 and 9 under 35 U.S-C 103(a) as being unpatentable 
over Lin jet al. in view of Wolf, as applied to Claim 1 above* 

Bjecause Claim 5 and 9 depend from Claim 1, Applicants believe that Claims 5 and 9 are 
patentable for at least the same reasons that claim 1 is patentable. In addition, Lin et al. and 
Wolf, talcen either separately or in combination, did not disclose or suggestion, at least, " 
implanting ions into said first and second floating gate regions to adjust said threshold voltage;" 
and "wherein said ions include Boron ions." Although Wolf could have taught a generally 
concept of threshold voltage implanting, it failed to show or suggest that implanting ions into 
each of said predefined areas adjusts the channel threshold voltage and provides a high coupling 
ratio for |he associated flash cell in the manner claimed. Absent a disclosure of each claim 
element and motivation to modify Lin et al., there is no prima facie case of obviousness. 
Accordingly, Applicants believe claims 5 and 9 are patentable over the cited references. 

Claim Gifoup_6 

The Examiner rejected claim 6 under 35 U.S.C. 103(a) as being unpatentable over Lin et 
al. in view of Wolf, as applied to Claim 1 above. 

Because Claim 6 depends from Claim 1, Claim 6 is patentable for at least the same 
reasons tjiat claim 1 is patentable. In addition, as the Examiner correctly pointed out Lin et al. 
did not explicitly identify a conductive layer. Wolf also failed to disclose or suggestion, at least, 
" forming a conductive layer over said second polysilicon layer;..";" Absent a disclosure of each 
claim eleinent and motivation to modify Lin et al., there is no prima facie case of obviousness. 
Accordingly, Claim 6 is patentable over the cited references. 

Claim Ghioup 7 
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The Examiner rejected claim 7 under 35 U.S.C. 103(a) as being unpatentable over Lin et 
al. in vie^v of Wolf, as applied to Claim 6 above, further in view of Mizuno ("Hot Cairier 
InjectionjSuppression Due to the Nitride-Oxide LDD Spacer Structure/' IEEE Trans. On 
Electron Deices, Vol. 38, No. 3, (1 991), pp. 584 - 591.) 

Biecause Claim 7 depends from Claim 6, Applicants believe that claim 6 is patentable for 
at least ttie same reasons that claim 6 is patentable. In addition, as the Examiner correctly 
pointed clut that Lin et al. did not disclose the composition of the spacer as a nitride. Although 
Mizunnoi could have taught a generally concept of nitride spacers, it failed to show or suggest the 
claim elements of the method for the flash memory device described in Claim 7. Claim 7 recites, 
inter alid^ "forming a nitride layer over the first oxide layer, performing an etching process to 
remove d portion of the nitride layer and leaving nitride spacers adjacent the side walls of each of 
the floatihg gates, and forming a second gate oxide layer over said first oxide layer, over said 
nitride spacers and over said floating gate oxide layer,. . 

The Examiner alleges that "..it would have been obvious to one of ordinary skill in the art 
at the tinie of the invention to use the nitride spacers of Mizuno et al in Lin et al. and to combine 
Mizuno et al. with Wolf and Lin et al. to obtain appropriate hot carrier suppression." In making 
this statement, the Examiner fails to realize that a flash memory device utilizes hot carrier 
injectionjfor programming. Any method for hot carrier suppression would be counterproductive. 
The Ex airliner, in fact, produced a motivation to not use the claimed method- Accordingly, 
Applicant submit that claim 7 is patentable over the cited references. 

Claim Gi|oup 8 

C|laim 8 is rejected under 35 U.S.C, 103(a) as being unpatentable over Lin et al. in view 
of Wolf, 'as applied to Claim 6 above, and further in view of Wilson ("Handbook of Multilevel 
Metallization for Integrated Circuits, " Noyes Publ., Westwood, New Jersey, (1993), p. 868). 

Bjecause Claim 8 depends from Claim 6, Applicants believe that claim 8 is patentable for 
at least the same reasons that claim 6 is patentable. In addition, the cited references do not show 
or suggest the combination of elements included in claim 8 when combined with independent 
claim 6. J Accordingly, Applicant believe that claim 8 is patentable over the cited references. 

Claim Group 9 

i 

Claim 10 is rejected under 35 U.S.C. 103(a) as being unpatentable over Lin et al. in view 
of Wol£ as applied to Claim 6 above. 

Bbcause Claim 10 depends from Claim 6, Applicants believe that Claim 10 is patentable 
for at leak the same reasons that claim 6 is patentable. The cited references do not show or 
suggest tjie combination of elements included in claim 10 when combined with independent 
claim 6. | Accordingly, Applicants believe that claim 10 is patentable over the cited references. 
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Claim Group 1 1 

i 
i 

Claim 11 is rejected under U.S.C. 103(a) as being unpatentabe over Lin et al. in view of 
Wolf and further in view of Wolf et al., as applied to Claim 4 above. 

Because Claim 1 1 depends from Claim 4, Claim 1 1 is patentable for at least the same 
reasons tjhat claim 4 is patentable. Appicants submit that Claim 1 1 is also patentable over the 
cited references for other reasons. Claim 1 1 recites a method in which implanting ions into the 
substrata to form the common source region includes implanting arsenic ions at.a dose in the 
range of 1 x 10 14 /cm 2 to 5 x 10 l4 /cm 2 and at an energy range of 80 to 150 KeV. The Examiner 
combinejd Wolf, Wolf et al. and Lin et al. to reject claim 1 1 as unpatentable under 35 U.S.C 
103(a), However, as noted in the previous discussion on claim 3 in Claim Group 2. the 
combination of Lin et al., Wolf, and Wolf et al. not only failed to show or suggest, but actually 
taught away from using arsenic in the source region implant as recited in claim 11 in the instant 
application. Accordingly, Applicants believe claim 1 1 is patentable over the cited references 

Claim Gjroup 12 

Claims 12 and 13 are rejected under U.S.C. 103(a) as being unpatentabe over Lin et al. 
in view of Wolf, as applied to Claim 5 above. 

because Claims 12 and 13 depend from Claim 5, Applicants believe that claims 12 and 
13 are patentable for at least the same reasons that claim 5 is patentable. In addition, Applicant 
believe <£laims 12 and 13 are patentable for other reasons. For example, Lin et al. did not 
disclose dX least " depositing polysilicon upon said tunneling oxide at a temperature of 
approximately 620 degrees C . .." Accordingly, Claims 12 and 13 are patentable over the cited 
references. 

Claim Group 13 

i 

CJlaims 14 has been rejected under 35 U.S.C 103(a) as being unpatentable over Lin et al. 
in view of Wolf, Mizuno et al., and Wilson et al. 

The Examiner indicated that Lin et al. suggested a method of forming high coupling ratio 
flash mejnory as recited in the instant application. In the Response to Arguments in the Office 
Action mailed October 20, 2003, the Examiner also stated that there was no chronology of 
process sjteps disclosed in the reference or recited in the claims of the instant application, As 
discussed earlier, Applicants respectfully submit that the claim 14 has been amended for 
clarification purposes and demonstrate certain chronology. Claim 14 now recites each floating 
gate regipn having a substantial portion overlying the common source region which has a portion 
that has been implanted with the first ions. Here, implanting ions occurs before forming the 
floating gates since a substantial portion of the floating gates overlies the implanted portion of 
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the comrtion source region, the common source region having a portion that has been implanted 
with the (first ions. Logically and grammatically, forming the floating gates occurs after 
implanting ions in the manner claimed. As discussed earlier, Lin et al. used a completely 
differentj process sequence 

Therefore, Claim 14 as amended clearly demonstrates a chronology of process sequence 
that is different from the process sequence described in Lin et al Lin falis to disclose or 
suggest, !at least, "forming floating gates associated with said cells, each said floating gate having 
a substantial portion thereof overlying one of said predefined areas, said predefined areas having 
been implanted with said first ions" 

Tfhe Examiner also combined Lin et al, with the threshold implants of Wolf, the nitride 
spacers 6f Mizuno et al., and the conductive tungsten layers of Wilson et al, to teach a flash 
memory 'cell with increased coupling ratio. Applicants assert that the combination of these 
references fails to show or suggest the claimed combination of elements for fabricating a flash 
memory jdevice having a high coupling ratio recited in claims 14. As noted earlier, Lin et al. 
taught a different method of increasing the coupling ratio by using a separate polysilicon layer to 
provide coupling with the source region, which has nothing to do with Claim 14 of the instant 
invention, 
j 

Ayith regard to threshold implant, lthough Wolf could have taught a generally concept of 
threshold voltage implanting, the combination of cited prior art still failed to show or suggest the 
method Recited in Claim 14 which includes patterning and etching nitride masking layer to 
expose at least one first portion and at least one second portion of the first polysilicon layer 
overlying a portion of the implanted common source region, and implanting ions into portions of 
the substrate defined by the first and second floating gate regions and including opposite 
extremities of said common source region, in order to adjust the threshold voltage of the flash 
memory jdevice. 

Sjimilarly, although Mizuno et al. could have taught the general concept of nitride spacers 
and Wilson et al. could have taught the general concept of using tungsten as a conductive layer, 
these references in conjunction with Lin et al. still failed to teach the combination of elements in 
claim 141, which includes, inter alia, forming second gate oxide over the first gate oxide layer, 
over the nitride spacers and over the floating gate oxide layer, forming a second polysilicon layer 
over the jsecond gate oxide layer, forming a conductive layer over the second polysilicon layer, 
and removing portions of the conductive layer, second polysilicon layer, second oxide layer, 
nitride spacers and first gate oxide layer to form a plurality of select gates having a portion 
overlying a portion of an associated one of the floating gates. As noted earlier, the Examiner 
actually suggested that Mizuno taught using the nitride spacer to reduce hot carrier effects, 
whereas in a flash device, it is desirable to enhance hot carrier effects for programming. Thus 
the citedireferences teach away from the elements of the instant invention. 



PAGE 20/69 * RCVD AT 4/19/2004 3:18:34 PM [Eastern Daylight Time] * SVR:USPT0-EFXRF-1/4 * DNIS:8729306 * CSlD:650 326 2422 * DURATION (mm-ss):21-42 



APR. 19. 2004 12:21 PM TTC-PA 650-326-2422 



NO. 6980 P. 21 



Chun-Mai Liu et al. 
Application No.: 09/827,056 
Page 15 i 



PATENT 



v|ith these reasons and as discussed earlier, It is clear that Lin et al. and the other cited 
references, taken either singly or collectively, failed to show or suggest the combination of claim 
elements! of claim 14. Accordingly, claim 14 is also patentable over the cited references. 

Claim Gi|qup 14 

i 

Claims 16 has been rejected under 35 U.S.C 103(a) as being unpatentable over Lin et al. 
in view elf Wolf, Mizuno et al., and Wilson et al., as applied to Claim 14. 

Applicants respectfully disagree. Since claim 16 is dependant from independent claim 
14, Claim 16 is patentable for at least the reasons given above. Additionally, the cited references 
did not stow or suggest the claim elements in claim 16, which recites that the first ions include 
N-type ions and the second ions include P-type ions. Therefore, Applicants submit that claim 16 
is patentable over the cited art. 

CONCLUSION: 

i 

In view of the foregoing arguments distinguishing claims 1-14 and 16 over the art of 
record, Applicants respectfully submit that claims 1-14 and 16 are in condition for allowance, 
and respectfully request that and objections to Claims 1 and 14 be removed and the rejection of 
Claims 1M4 and 16 be reversed. 

If the Examiner believes a telephone conference would expedite prosecution of this 
applicatibn, please telephone the undersigned at 650-326-2400. 

j Respectfully submitted, 




Richard T. Ogawa 
Reg. No. 37,692 



TOWNSEND and TOWNSEND and CREW LLP 

Two Emparcadero Center, 8 th Floor 

San Franbisco, California 941 1 1-3834 

Tel: 650^326-2400 

Fax: 4151576^0300 

RTO:dhe 



Encl.: Appendix of claims involved in appeal 
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i 
i 

i APPENDIX - LTSTING OF THE CLAIMS 

i 

i 

LA method of fabricating a flash memory device including an array of 
split gati cells, comprising: 

! providing a silicon substrate having a top surface; 
finning a common source region in an area of said top surface for each pair of said 
cells; 

! implanting ions into predefined areas of each said common source region; 
forming floating gates associated with said cells, each said floating gate having a 
substantial portion thereof overlying one of said predefined areas, said predefined 
areas having been implanted with said ions; 

• forming select gates each having a first extremity extending over at least a 
portion of one of said floating gates; and 

forming drain regions associated with said cells, each said drain region 
bfeing positioned proximate a second extremity of one of said select gates; 
Whereby said step of implanting ions into each of said predefined areas adjusts the 
channel threshold voltage and provides a high coupling ratio for the associated 
flash cell. 

! 

2. A method of fabricating a flash memory device as recited in claim 1 , 
wjherein said step of forming a common source region on said substrate includes 
ttje steps of: 

patterning a photoresist disposed over said substrate to substantially define 
said predefined area at which the common source region is to be formed; 

| implanting ions into said substrate to form said common source region 
uiing said patterned photoresist as an implant mask; and 
removing said patterned photoresist. 
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3. A method of fabricating a flash memory device as recited in claim 2, 
wjherein said ions implanted to form said common source region include arsenic 

ions. 

i 

4. A method of fabricating a flash memory device as recited in claim 1 , 
Wherein said step of forming a common source region includes the steps of: 

' forming a sacrificial oxide layer over said top surface of said substrate; 

patterning a photoresist disposed over said substrate to substantially define 
s£id predefined area at which the common source region is to be formed; 

implanting ions into said substrate to form said common source region 
u^ing said patterned photoresist as an implant mask; and 

removing said patterned photoresist and said sacrificial oxide layer. 

5. A method of fabricating a flash memory device as recited in claim 1, 
wherein said step of forming floating gates includes the steps of: 

forming a tunneling oxide layer over each said top surface area of said 
substrate; 

i depositing a first polysilicon layer over said tunneling oxide layer; 
1 depositing a nitride masking layer over said first polysilicon layer; 

patterning and etching said nitride masking layer to expose first and • 
second portions of said first polysilicon layer, said exposed first and second 
pprtions substantially define first and second floating gate regions; 

implanting ions into said first and second floating gate regions to adjust 
said threshold voltage; 

forming a floating gate oxide layer over said: first and second exposed 
pjortions of said first polysilicon layer; 

removing said nitride masking layer; 

etching said first polysilicon layer and said tunneling oxide layer using 
said floating gate oxide layer as a mask leaving remaining portions of said first 
pjolysilicon layer and said tunneling oxide layer disposed beneath said floating gate 
o!xide layer, and exposing a portion of said substrate, said remaining portions of 
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said first polysilicon layer forming first and second floating gates associated with 

okch said cell, said floating gates having side walls and a portion which overlies a 

pbrtion of said common source region thereby providing a high coupling ration for 

tile associated cell 

6. A method of fabricating a flash memory device as recited in claim 1 

^herein said step of forming said select gates includes the steps of: 
, forming an insulating layer over the exposed portion of said substrate and 

tike floating gate oxide layer covering said floating gates; 
! forming a second polysilicon layer over said insulating layer; 

forming a conductive layer over said second polysilicon layer, and 
removing portions of said conductive layer, said second polysilicon layer, 

and said insulating layer to form said select gates. 

j 7. A method of fabricating a flash memory device as recited in claim 6, 
vjrhereirt said step of forming an insulating layer over said exposed portion of said 
sjubstrate and said floating gate oxide layer covering said floating gates includes 
t}ie steps of: 

I forming a first gate oxide layer over said exposed portion of said substrate, 
cjver said floating gate oxide layer, and over said floating gates; 
forming a nitride layer over said first oxide layer; 

' performing an etching process to remove a portion of said nitride layer and 
leaving nitride spacers adjacent said side walls of each of said floating gates; and 

! forming a second gate oxide layer over said first oxide layer, over said 
riitride spacers and over said floating gate oxide layer. 

8. A method of fabricating a flash memory device as recited in claim 6, 
wherein said conductive layer includes tungsten. 

9. A method of fabricating a flash memory device as recited in claim 5, 
WheTein said ions include Boron ions. 
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10. A method of fabricating a flash memory device as recited in claim 6, 
wherein said step of forming drain regions associated with each cell includes the 
ileps of: 

I patterning and etching said conductive layer and portions of said substrate 
to substantially define the boundaries of drain areas of said substrate; and 

11. A method of fabricating a flash memory device as recited in claim 4, 
^herein said step of implanting said ions into said substrate to form said common 
sjource region includes: 

implanting arsenic ions at a dose in the range of 1 x 10 14 /cm 2 to 5 x 
]|0 14 /cm 2 and at an energy range of 80 to 150 KeV. 

1 2. A method of fabricating a flash memory device as recited in claim 5, 
wherein said step of depositing a first polysilicon layer over said tunneling oxide 
llayer includes: 

' depositing polysilicon upon said tunneling oxide at a temperature of 
approximately 620 degrees C in order to form said first layer having a thickness in 
the range of 500 to 2500 angstroms. 

■ 13. A method qf fabricating a flash memory device as recited in claim 12, 
wherein said first polysilicon layer includes SiH4. 

14. A method of fabricating a flash memory device having a high coupling 

jratio, comprising : 

providing a silicon substrate having a top surface; 

forming a sacrificial oxide layer over said top surface of said substrate; 

patterning a photoresist layer disposed over said sacrificial oxide layer to 
Substantially define a source region of the substrate; 

implanting first ions into said substrate to form a common source region of 
!said substrate using the patterned photoresist layer as an implant mask; 

removing said patterned photoresist layer and said sacrificial oxide layer to 
[expose said top surface of said substrate; 
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forming a tunneling oxide layer over the exposed top surface of said 
substrate; 

[ depositing a first polysilicon layer over said tunneling oxide layer; 

depositing a nitride masking layer over said first polysilicon layer; 

patterning and etching said nitride masking layer to expose at least one 
flrst portion and at least one second portion of said first polysilicon layer, said first 
And second exposed portions substantially defining first and second floating gate 
regions, each said floating gate region having a substantial portion thereof 
dverlying said common source region, said common source region having a 
portion that has been implanted with said first ions; 

implanting second ions into portions of said substrate defined by said first 
ind second floating gate regions and including opposite extremities of said 
common source region, in order to adjust the threshold voltage of the flash 
^nemory device; 

! forming a floating gale oxide layer over said first and second exposed 

portions of said first polysilicon layer; 

i 

removing said nitride masking layer; 

etching said first polysilicon layer and said tunneling oxide layer using 
kaid floating gate oxide layer as a mask leaving remaining portions of said first 

polysilicon layer and said tunneling oxide disposed beneath said floating gate 

i 

oxide layer, and exposing a portion of said substrate, each said remaining portion 
pf said first polysilicon layer forming a floating ate having side walls; 
1 forming a first gate oxide layer over said exposed portion of said substrate, 
bver said floating gate oxide layer, and over said floating gates; 
forming a nitride layer over said first oxide layer; 

performing an etching process to remove a portion of said nitride layer and 
leaving nitride spacers adjacent said side walls of each of said floating gates; 

forming a second gate oxide layer over said first oxide layer, over said 
nitride spacers and over said floating gate oxide layer; 
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forming a second polysilicon layer over said second gate oxide layer; 

forming a conductive layer over said second polysilicon layer; 

removing portions of said conductive layer, said second polysilicon layer, 
said second gate oxide layer, said nitride spacers and said first gate oxide layer to 
fotm a plurality of select gates each having a portion overlying a portion of an 
associated one of said floating gates; 

patterning and etching said conductive layer to expose portions of said 
substrate to substantially define the boundaries of at least on drain area of said 
substrate; and 

implanting third ions into said drain area of said substrate to form at least 
one drain region; 

, : whereby the floating gate having a portion which overlies a portion of said 
common source region thereby providing a high coupling ratio for an associated 
cdl. 

15. (Cancelled) 

16. A method of fabricating a flash memory device as recited in claim 14, 
wherein said first ions include N-type ions and said second ions include P-type 
ions, whereby threshold voltage of the flash memory device is adjusted, 

17-20. (Withdrawn) 



60*9325Svl 
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TOWNM-ND fmU TOWNSUND and CRF.W-LL1* 
liy; 



IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 



In re application of: 


Examiner: Thomas J. Magee 


Chun-Mai Liu et al. 


Art Unit: 2811 


Application No.: 09/827,056 


APPELLANT'S RRTEF UNDER 37 CFR 


1.192 


FiJedi April 3, 2001 




For: METHOD OF FABRICATING 
HIGH-COUPLING RATIO SPLIT GATE 
FLASH MEMORY CELL ARRAY 





Assistant Commissioner for Patents 
Washington, D.C 20231 



Dear 



Sir: 



Applicants appeal the final rejection of claims 1-14 and 16 in «^ patent 
application. The claims on appeal have been finally rejected pursuant to MPEP 706.07(a). 
Accordingly, this appeal is proper and is filed in triplicate. 

I. REAL PARTY IN INTEREST: 

1 The real party of interest of the above-identified application is Winbond Electronics 
Corporation, a Taiwan company Wing its principal place of business at No. 4, Creation Road 
III, Science-Based Industrial Park, Hsinchu, Taiwan, ROC. The assignment is recorded in the 
U.S.] Patent and Trademark Office on at Reel/Frame 01 1685/0699. 

IL RELATED APPEALS AND INTERFE RENCES; 

There are no appeals or interferences related to the present appeal. 
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MI. j RTATHS OF CLAIMS: 

>n • i i4 <»nH 1 ft are nendine and are the subject of this appeal. Claims 1 and 14 are 

respectfully disagree. 

| All pending claims 1 

disagree to the Examiner's rejection. 

IV. i STATUS OF A M^NDMENTSl 

There are no amendments filed atter the final rejection. In ^ ed 
U92j(c) (9), a copy of the claims involved in the appeal is contained in the Appendix attached 

hereto. 

V. | SUMMARY OF TOT. INVENTION: 

The nresent invention relates to a method of fabricating a split gate flash memory device^ 
inclu^cK 

i e , „ y nff , narticularlv the invention also includes threshold voltages 
ZffiSZ W LpLh^ToKto ^rt<To"ft. substrate defined by the floating gate regies. 
'3£?*£$Z£ttl£i* cental. Details of toe claimed method are provded 

belo^, 

I A preferred embodiment of the present invention provides a proems of fabricating a flash 
meniry d^ncluding an array of split gate cells, The method includes 
suhsrrate having a top surface and forming a common source region in an area of the top surface 
ffKj^lKi. [Page 5, line 30 to page 6, line 2 and Fig, 2A]. The P™"""*"" • 
ZZ process sequence for selected steps in the manner claimed. J^^J 0 *** Fig 
imnlants ions into predefined areas of each common source region [Page 6, lines 3 - 15, and lug 
SjffSSlU-tinB ^ associated with the celU. That is, toto£^t£**** 
gates occurs after implantation of ions into predetermmed areas. 

SSanS portion thereof overlying one of the predefined areas, which have : *«dy been 
implanted with ions from the previous step of implantation [Page 6Jb» ,16 *W * J™ £ W 
2C 2E The method then forms select gates, each having a first extremity exuding over at least 
apottion of on^of the floating gates [Page 8, lines 4-14, Figs. 2F and 2G]. The method also 
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fonns drain regions associated with the cells. Each of the drain regions is positioned proximate a 
3 ScmUy of one of the select gates [Page 8, lines 15-21 Fig 2H]. The presen process 
S to certain benefits associated with the coupling ratio and threshold voltage as will be 
described in further detail below. 

• An aspect of the invention relates to a method of forming the floating gates of the flash 
memoW devfce [Page 6, line 16 to page 8, line 3. Figs 2C-2E]. The method includes forming a 
3Sg oxide layer over the top surface area of the subsfrate, depositing a 
layer over the tunneling oxide layer, and depositing a rutnde masking layer over the first 
Xilieon layer [Page 6. lines 16-24, Fig. 2C]. The process also includes pa erning and etch ng 
SSrmadculg layer to expose first and second portions of the first polysihcon layer, and the 
exposed first and second portions substantially define first and second floating gate regions 
rPaee 1 6 lines 24-25, Fig. 2C]. Here the patterning process is used to determine the overlap 
beMen thTfloating gaL and the sourcerogion [Fig. 2C]. A threshold implantation step occurs 
after the patterning process. 

Specifically, the method then implants ions into portions of the substrate defined by the 
first and second floating gate regions and including opposite extremities of the common source 
regiok in order to adjust the threshold voltage of the flash memory device [Page 6, lines 26-31]. 
This Emplanting step allows precise control of threshold implant under the floating gate. The 
method continues with forming a floating gate oxide layer over the first and second exposed 
portions of the first polysilicon layer [Page 7, lines 5-11, Fig. 2D]. After removing th< , nttide 
masking layer, the method then etches the first polysilicon layer and the tunneling oxide layer 
usin& the floating gate oxide layer as a mask. This method leaves remaining portions of tiie first 
polysilicon layer and the tunneling oxide layer disposed beneath said floating gate oxide layer, 
and exposes a portion of the substrate. The remaining portions of the first polysilicon layer form 
first ^nd second floating gates associated with each cell. These floating gates have side walls 
and a portion which overlies a portion of the common source region, thereby providing a high 
coupling ration for Hie associated cell [Page 7, lines 13-1 8, Figs. 2D and 2E]. As described 
earner, determines the extent of the overlap and, therefore, the coupling ratio [Fig. 2C-2bJ. 

! Using the specific process of the present invention, certain benefits are achieved over 
conventional techniques. The present process is easy to use and avoids certain processing 
difficulties of the prior art. Additionally, the step of implanting ions into each of the predefined 
find and second floating gate regions adjusts the channel threshold voltage to provide precise 
threshold voltages [Page 3, lines 27 -31]. The step of forming the floating gates after 
implanting the source region allows the floating gate patterning step to determine the desired 
overlap between the floating gate and the source region, and, as a result, provides a high 
coupling ratio for the associated flash cells. In contrast, in conventional devices the coupling 
between source and floating is limited by the side diffusion of the ions implanted after the 
floating gate formation [Page 2, line 24 to page 3, line 26]. The high coupling ratio allows for 
improved programming of the present flash memory device and reduces the time and voltage 
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required to program each cell. These and Other benefits will be described throughout the present 
appeal and more particularly below. 

VI. ISSUES 

•The following issues are presented; 
1 . Whether the Examiner properly objected to claims l andW. 

2 Whether claims 1 -1 4 and 16 were properly rejected under 35 U.SC 103(a) as **mg 
unpkSble over Lio et al. (US 6,355,527) in view of what the Examiner confers admitted 
prior ajt. 

VII. j GROUPING OF THE CLAIMS: 

i In the present case, the rejected claims do not all stand or fall together. Applicants 
submit that certain claims present distinct issues concerning patentability. For purposes of 
preserving these distinct issues, Applicants group the claims as follows. 

Group; 1: Claim 1, which stands or falls by itself. 

Group 2: Claim 2, which stands or rails by itself. 

Group 1 3: Claim 3, which stands or falls by itself. 

Group 4: Claim 4, which stands or falls by itself. 

Group 5: Claims 5 and 9, which stand or fall together. 

Claim 6: Claim 6, which stands or Falls by itself. 

Group 7: Claim 7, which stands or falls by itself. 

Group 8: Claim 8, which stands or falls by itself. 

Group 9: Claim 10, which stands or falls by itself. 

Group 10. Claim 11, which stands or falls by itself. 

Group 1 1 : Claims 12 and 13, which stand or fall together. 

Group 12: Claim 14, which stands or falls by itself. 

Group 13: Claim 16, which stands or falls by itself. 
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Vffl. ARGUMENTS: 

! Because all the claims do not stand or fall together, Applicants present arguments for 
each ciaTm g^up later in this brief. Before specifically discussing the Examiner's rejourn as 
aTpliS Z each of the claim groups, Applicants first address the Examiner's basis for 
maintaining the rejection which was applied to all pending claims. 

Improper Basis For Rejections 

The Examiner has not appreciated that the invention of claims : 1 and 14 require a certain 
chronology of steps. In the Final Office Action mailed October 20. 2003, the ' B™£ 
sumnjariSd the grounds for maintaining the rejection of claims 1 - 14 and 16 under 35 U.S.C 
103(a) in paragraph 14 on pages 9 and 10, as follows: 

I "With regard to Independent Claims 1 and 14, Examiner must again reiterate that 
j he can only interpret language posed in limitations of claims and currently, Lin et 
' al. discloses those tenets recited in the claims of the instant application of 
; Applicant. There is no enr o ll™ ofnroce** stent disclosed in the reference or 
rmrUgd in the dc , int < nf the insta nt annlication. Therefore, arguments appear 

I moot." [Emphasis Added.] 
Applicants respectfully submit that the claims 1 and 14 are patentable overthe cited 
As noted «Z and further emphasized herein, claims 1 and 14 recite a certain sequence of steps 
requiring a chronology, which the Examiner has not appreciated. Using claim 1 as an example, 
it recites, inter alia. 

' ifnrmine a common source region in an area of said top surface for each pair of said cells; 
implantine ions into predefine d arms of each said common source region ; 
f^n, ino flnntinv rates assented with said cells, each mid floating rate having a substantial 
pr^herenfnlerlvine o n * »f**id nredefined areas, said pred e fined areas /.flvmg been 
implanted with said ions: ..." 

' Since the floating gate is formed to overlie the predefined area, and the predefined area 
"has been implanted with said ions", it is clear that ion implantation into the common ^source 
region precedes the floating gate formation, such that a substantial portion of the floatmg gates 
overlies the implanted common source region in the substrate that has been implanted with the 
ions. Here, forming the floating gates occurs after the predefined area has already been 
implanted with ions, so that a substantial portion of the floating gate is formed to overlie the 
implanted common source region. 
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Loyally and grammatically, forming the floating gates occurs after implanting ions in 

recites, inter alia, 

« ... etchingsaid first polysilicon layer to form said floating gate using said regions of poly- 
oxide as a hard mask; then 

forming a second photoresist layer over said substrate and patterning to define source region; 
then 

performing ion implantation through openings in said second photoresist layer to form source 
region, then ..." 

The Kanta is „isUta in aattag tot: "» chronology of to 

patentable over Lin et al. 

' The Examiner also misunderstands how the "coupling ratio" is increased by Lin et al. and 
the invention of claims 1 and 1 4. The Examiner stated, 

" the lateral diffusion in the reference (Figure 2G) is both calculable and useful for 
increasing coupling." 
The Examiner further stated, 

"Applicant has apparently misread in reference, since the coupling ratio is due : tcr the 
Stance soutL extends beneath gate, as claimed in the reference and also recited in the 
instant application." 

Applicants note that, since the device in Lin et al. is formed with ^jffSS'^^S 
Reformation me coupling between source and floating gate is provided by lateral *^*° not 
SurSb^eam' ?L This side diffusion is limited, because the maximum allowable difrusion 
™££ZLo* source region is limited (See, specification of the >^ ""J"*"* 4 
2«23 - 30) Under such limitation, Lin et al. sought to obtain higher coupling ratio by 
^Sgthelo^g gate with an extra P«*^^ ^ * ^ 

theihvention. to form a poly line (165) continuous over the source region (125 ). . . (Col. 6, 
!TS arid " tiie^olv line provides an additional vertical wall area along the edges of 
mTSoatmg gaTet (140) The additional area shares the voltage levels imr^sed between source 
SSSSS- bating gate (140),. . .by virtue of the increased "r%£f^£^ ** 
source and the floating gate , the coupling ratio is also increased. . . (Col. 6, lines 64 - Col. 7 , 
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line3). In contrast, the invention of claims 1 and 14 recites a different method for achieving 
highericoupling ratio. 

i The high coupling ratio flash cell device of the present invention overcomes the side- 
diffusion coupling limitation by forming the implanted common »™^^" ld ^ 
formiiie the floating gales (See, specification of the instant invention, page 4 lines 23 - 30). In 
SXTSLt" overlap 'ofthe floating gate over the implanted common so^e region » 
determined by the patterning process (page 6, line 16 to page 7, line 18, and figs 2C - 2E) 
SXSSL. This pont is forther explained in the Applicants' spectfication, page 8 
^e2l-page9lL2, "The device 200 provides cells having an increased source side couplmg 
ratio i\*A vf to the prior art. The increased source side coupling ratio is due to the distance 202 
TJSS^E* beneath the floating gate ^M^^^***?** 
46 the prior alt source region 42 (Fig. 1) extends beneath floating gate 22, ™£ 
tocre^esinthedis^ 

provided by the method of the present invention." 

' According the invention as recited in Claim 1 and 14 of the instant application 
^TZt^otcr^e the extent ofthe overlap between source and floating gate ^ 
increasing the lateral diffusion and the diffusion depth ofthe source, thus providing an ^.ncreased 
coupling ratio. Lin et al. does not show or suggest these claimed features. Therefore, claims 1 
and li4 are patentable over Lin et al. 

Clai fti Objections 

: The Examiner objected to claims 1 and 1 4 in the Final Office Action mailed October 20, 
2003, 

"In Claim 1, the recitation, 'said predefined areas having been implanted with said ion,' 
is redundant Similarly, in Claim 14, the phrase, ' .... said common source region having a 
portion that has been implanted with said first ions/ is repetitive. Corrections are required. 

Applicants note that the recitations were introduced in Applicants* 08/1 ^ 
the purpose of clarifying the chronology ofthe process sequence, in response to the 6/18/2003 
OffieeAction But as discussed earlier, the Examiner still fails to appreciate the chronology and 
regarded these phrases redundant and repetitive. Applicants submit that with the amendment of 
the recitation, "said predefined areas having been implanted with said ion, in claim 1, it is now 
clear that the floating gate is formed after the common source region has been formed and has 
beet implanted with the ions, because the floating gate has a substantial portion overlying the 
area which has been implanted with the ions. Similarly, in claim 14, the recitation, ^ ...-said 
common source region having a portion that has been implanted with said first ions, further 
clarifies that the floating gate is formed after the common source region has been formed and has 
been implanted with the ions. Logically and grammatically, forming the floating gates occurs 
after implanting ions in the manner claimed. 
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Therefore, claims 1 and 14 as amended clearly ^^iTtS^^ 
sequence that is different from the process ^ c K ed f!"vS 
that the! Examiner's objections to Claims 1 and 14 be removed. 

Rejection of claims i >wder S 103fa^ 

^^^^ 

respectfully traverse the rejection of these claims. 

To mM+ .prima fide a. »f obvious unto §103^ of to^ements 

2143.0Z.) Moreover, tomhw m e reference or references, taken alone or in 

applicant's disclosure." (MPEP § 214Z.) intra, mereicrcm, v /mpfp 52143 03 ) 

SmbiWon, must disclose or suggest every element recited in the claims. (MPEP §2143.03.) 

; Because all the claims do not stand or fall together. Applicants will present argument for 
each cjlaim groups. 

Hlaiitf Grout) 1 

TheExaminerhasmaintamedhisrejectionofclaim 1 under 35 US. C. 103(a) as being 
ine crammer u« ("Silicon Processing for the VLSI 

unpatentable over Lin et al. (US 6,355,5^ <) m view™. »» w v Examiner 
ERaTvoI.2" Lattice Press, Sunset Beach, Ca., (1990), pp. 321 - 322). Here, the txaminer 
mudrtod that Lin et al. disclosed a method for forming spbt-gate flash memories with 
suggestea max un ci <u. „ -191 _ 3 22 showed adiustment of channel 

improved, increased coupling ratio and that Wolf, pp. 321 snow ™, y 

old voltage using ion implantation. The Applicants disagree with the Exammer s 

argument. 

1 

: In rejecting Claim 1. the Examiner stated in the 10/20/2003 Office Action, 

"Regarding Claim 1. Lin et al. clearly disclose a method for forming spUt-gate itajh 
rSories with improved, increased coupling ratio. A common source 
d25) (Figure 2G) in a silicon substrate. Source implantation is done using n-type implants • 
Col 6 -45) and drains (120) implanted at opposite sides o the ^^witlun 

the vicinity (second extremity) of gate regions) (Figure 2G) using , n-type implants (Col 7, 
X. 14 - 18). Floatinggates (140) (Figure 2D) are formed overlying 
source region (Figure 2D) and extremities extending over the (first) part of the structure. 
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It appears that the Examiner ignored the chronology in Lin's * 

u^t^ common 5 source region in the substrate. Logically and i^^^ng the 

been 5^ with said ions " Wolf also failed to teach these claimed process steps. 

The Examiner combined Lin et a), with Wolf to teach a concept of threshold voltage 
im«lakm? ThTc^mWnation of these references still fails to show or suggest the elements of 
£?1 &aim iTo rS "that implanting ions into each of said predefined areas adjusts the 
d= i" tSeXld Xe and provides a high coupling ratio ford* 
other elements. Although Wolf could have taught a general concept 

Lnl^tihe it failed to show or suggest that implanting ions into each of said predefined areas 
ig^^SS* voltage and provides a high coupling ratio for the associated flash 
cell in the manner claimed. 

Accordingly, Claim 1 is patentable over the cited references. 

riaim Group 2 

The Examiner rejected claims 2 under 35 U.S.C. 103(a) as being unpatentable over Lin et 
al. in view of Wolf, as applied to Claim 1 above, < ThyS1CS ° f 

Semiconductor Devices," John Wiley & Sons. New York (1981), p. 68). 

Applicants submit that dependent Claim 2 that is dependant from the amended claim 1 is 
also IpatoSr-The dependent Jairn 2 is patentable at least for the reasons given abov^ among 
oS Sons . Here, thecited references do not show or suggest the combination of 
SdX claim 2 when combined with independent claim 1. Therefore, Chum 2 is patentable 
over the cited prior art. 
i 

PUfrti Group 3 

' The Examiner rejected claims 3 under 35 U.S.C. 103(a) as being unpatentable over Lin et 
al. in view of Wolf, as applied to Claim 1 above, and further in view of Sze ( Physics of 
Semiconductor Devices," John Wiley & Sons, New York (1981), p. 68). 

1 The Applicants submit that dependent claim depends from the amended claim 1 , and 
therefore, is also patentable. The dependent claim is patentable at least for the reasons given 
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also patentable for otber reasons. 

Actionrnailed October 20, 2003, 
. "Although Lin etal. disclose (col. 6, lines 42 - 45) the imputation <>^^ both 

coefficients of these n-type dopants are well ^f^^^S^J^ 
differences in lateral and/or vertical diffusion lengths can bbe readriy ^ ^ ^ P 
conditions altered accordingly, W thr r ho ^"^^ - ^l onc 0 f ordinary sk ill 

memory device to form source regions, 
i Applicants note that the Examiner's statements include ^^^^ 
inconsi^nt In the above statement «,e Ex = ^ d ;^» 
slightly faster than arsemc, it wouM be desiiabte to - ° - 2G) f s both 

sl^-SfWg^seSc ? The Examiner's arguments appear inconsistent. 

! a J* * 0 a ^rV^r the couolinc ratio in the instant invention is-determined by the 

arsenic can be advantageously used to make shallow devices. 

. x ■ * „i „w,i« tauolit awav from using arsenic in source region implant. 
In addition, Lm ^^^^Jft^ implant is accomplished, preferably, 
For example, Lin at al. stated (Col. 6 lines 4Z * suecested using 

application. Accordingly, there is no prima facie case of obviousness. Therefore, chum 
patentable over the cited references. 
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rinim, ft-oup 4 

The Examiner rejected claim 4 under 35 U.S.C. 103(a) ^^l^Tc^Z^ * 

(1986> ? pp- 321-322). 

1 Because Claim 4 depends from Claim 1, Applicants believe that claim 4 is ^lowabte for 
at least "ns Z claim 1 is allowable. In addition, Oe *^J^£E* 

tteroE of sacrificial oxides is not disclosed. Here, the cited references do not show or suggest 

Therefore, Claim 4 is patentable over the cited prior art. 

riaim| group 5 



The Examiner also rejected claims 5 and 9 under 35 U.S.C. 103(a) as being unpatentable 
over tin et al. in view of Wolf, as applied to Claim 1 above. 

i Because Claim 5 and 9 depend from Claim 1, Applicants believe mat Claims 5 and 9 are 
same rSsons that claim 1 is patentable. In addition, Lm et al and 
BX« either separately or in combination, did not disclose or suggestion^ at least, 
£rtffi»n? into said first and second floating gate regions to adjust said tfo-eshold voltage, 
StSrsaidions include Boron ion," ^^^^Z^TS^o 
concent of threshold voltage implanting, it failed to show or suggest that implanting ions into 
SS said predefined areas adjusts the channel threshold voltage and provides a high coupling 
So!?or me LSria?ed flash cell in the manner claimed. Absent a disclosure of each claim 
Snt and motivation to modify Lin et al., there is no prima facie case of obviousness. 
AcSnTy. Applicants believe claims 5 and 9 are patentable over the cited references. 

Claim Group 6 

' The Examiner rejected claim 6 under 35 U.S.C. 103(a) as being unpatentable over Lin et 
al. h) view of Wolf, as applied to Claim 1 above. 

I Because Claim 6 depends from Claim 1, Claim 6 is patentable for at least me same 
reasons that claim 1 is patentable. In addition, as the Examiner correctly pointed out Lm et al. 
oidnot explicitly identify a conductive layer. Wolf also failed to dteclose or suggestion, at least, 
"formS conductive layer over said second polysilicon layer;..";" Absent a disctosure of each 
c£ eTJnent and motivation to modify Lin et al.. there is no prima facie case of obviousness. 
Accordingly, Claim 6 is patentable over the ched references. 



glatm Group 7 
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The Examiner rejected claim 7 under 35 U.S.C. 103(a) » ^ * 

CoADei<^. Vol. 38. No. J, (1991). pp. 584 - 591.) 

Lause Cairn 7 from Claim ^APP«^« '^S*' 8 *" 

^^^^^^ 

Mizuniio could have laught a generally concept of nitnde ^^^^^^^^ 

nitridejapaeers and over said floating gate oxide layer,. .. 

i Th, P««niner alleees that "..it would have been obvious to one of ordinary skill in the an 
a. the the nitride spacers of Mizuno e, al in to e, al and to combine 

Sfimnort al with Wolf and Lin et al. to obtain appropriate hot earner suppression, to making 

Accordingly, 

Applicant submit that claim 7 is patentable over the cited references. 
CJaimi Group 8 

oj,^^ 

Meia|zatioX Integrated Circuits, " Noyes PubL. Westwood, New Jersey, (1993), p. 868). 

! Because Claim 8 depends from Claim 6, Applicants believe that claim 8 is patentable for 
at leak £ claim « is Potable. In addition, the cited references ^ not show 

t sSlst SZSSLim of elements included in claim 8 when combined wnh independent 
cTautTA^oTngly, Applicant ^to6l^**V«M*«**»^*^ 

Plainii Group 9 

\ Claim 10 is rejected under 35 U.S.C. 103(a) as being unpatentable over Lin et al. in view 
of Wfclf, as applied to Claim 6 above. 

! Because Claim 10 depends from Claim 6, Applicants believe that Claim 10 ^ Patentable 
for ai least the same reasons that claim 6 is patentable. The cited references do not sho* or 
sugge t the combination of elements included in claim 10 when combined with independent 
S 6 Accordingly, Applicants believe that claim 10 is patentable over the cUed references. 
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Claim Group 1 1 

> Claim 1 1 is rejected under U.S.C. 103(a) as being unpatentabe over Lin et al. in view of 
Wolfed further in view of Wolf et al., as applied to Claim 4 above. 

Because Claim 1 1 depends from Claim 4, Claim 1 1 is patentable for at least the same 
reasorfe th^cSm 4 is pateJable. Appicants submit that Claim 1 1 is also patentable over the 

Xrate to form the common source region includes implanting £«™ ™ * %t E x^Lr 
range of 1 x 10 14 /cm 1 to 5 x 10 1 W and at an energy range of 80 to 150 KeV^ The Examiner 
£2b£d Wolf, Wolf et al. and Lin et al. to reject claim 1 as 7^^*™'* 
I03to However, as noted in the previous discussion on claim 3 in C^aim Group Z , the 
^SLZZun et al., Wolf, arid Wolf et al. not only failed to ^ « «Hu 
taught away from using arsenic in the source region implant as recited in claim 1 1 ^ the instant 

Claim Group 12 

' Claims 12 and 13 are rejected under U.S.C. 103(a) as being unpatentabe over Lin et al. 
in view of Wolf, as applied to Claim 5 above. 

Because Claims 12 and 13 depend from Claim 5, Applicants believe that 
13 are patentable for at least the same reasons that claim 5 is patentable. In addiUon Applicant 
beUeve Claims 12 and 13 are patentable for other reasons. For example, Lin et al. did not 
disclose at least " depositing polysilicon upon said tunneling oxide at a temperature or. 
iprJxLiately 620 degrees C . Accordingly. Claims 12 and 13 are patentable over the cited 
referjences. 

Claim Group 13 

! Claims 14 has been rejected under 35 U.S.C 103(a) as being unpatentable over Lin et al. 
in vi'ew of Wolf, Mizuno et al., and Wilson et al. 

The Examiner indicated that Lin et al. suggested a method of forming mgh coupling ratio 
flash memory as recited in the instant application. In the Response to Arguments ui the Office 
Action mailed October 20, 2003, the Examiner also stated that there was no chronology of 
process steps disclosed in the reference or recited in the claims of the instant apphcation. As 
discussed earlier, Applicants respectfully submit that the claim 14 has been amended for 
clarification purposes and demonstrate certain chronology. Claim 14 now recites each floating 
gate! region having a substantial portion overlying the common source region which has a portion 
thatihas been implanted with the first ions. Here, implanting ions occurs before forming the 
floating gates since a substantial portion of the floating gates overlies the implanted portion of 
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different process sequence 

Therefore Claim 14 as amended clearly demonstrates a chronology of process sequence 
that is — ^Xprocess sequence having 



su 

a . . . 

been implanted with said first ions 



The Examiner also combined Lin et al. with the threshold implants of Wolf the nitride 



invention. 



With regard to threshold implant, Ithough Wolf could have taught a generally concept of 
tn.shoS 

methdd recited in Claim 14 which includes V^^^^^^^^^Z,- 
memory device. 

: ^itmlariv althoueh Mizuno et al. could have taught the general concept of nitride spacers 
and wiSStJd 'eSdtoSS ^ general concept of using tungsten as a conductive layer, 
^J^^^S^m with Lin et al. still failed to teach the combination of element in 
S^SSSSL, inter alia, forming second gate oxide over the first gate «f»££ 
StaJSto spacers and over the floating gate oxide layer, forming a second P^"^* 
ovrrS^econ^g'ate oxide layer, inning a conductive layer over the seco^ 
and removing portions of the conductive layer, second polysilicon layer, second 
S^pTe« P and first gate oxide layer to form a plurality of select gates having a porton 
ov«iying aportion of ^associated one of the floating gates. As ^^a^SST 
actually Suggested that Mizuno taught using the nitride spacer to reduce hot earner effects, 
wTer^tnaVash device, it is desirable to enhance hot carrier effects for programing. Thus 
the cited references teach away from the elements of the instant invention. 
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i With these reasons and as discussed earlier, It is clear that Lin et al. and the other cited 
r^T^^^y or collectively, failed to show or 

demerits of claim 14. Accordingly, claim 14 xs also patentable over the cxted references. 
Claim Group 14 

Claims 16 has been rejected under 35 U.S.C 103(a) as being unpatentable over Lin et al. 
in view of Wolf, Mizuno et al., and Wilson et al, as applied to Claim 14. 

Anolicants respectfully disagree. Since claim 16 is dependant from independent claim 
14 c^S^^^^^r^^^ Additionally, the cued references 
dM SfSew ^ sug^t the claim elements in claim 16, which recites that the first , ions .nclude 

tUt £^ ^ *z sec ° nd ions inciude p - type ions - Therefore ' Appllcants 

is patentable over the cited art. 
CONCLUSION: 

1 In view of the foregoing arguments distinguishing claims 1-14 and 16 over the art of 
record Applicants respectfully submit that claims 1-14 and 16 are in condition for allowance 
SptcffuU^uSt that and objections to Claims 1 and 14 be removed and the reject** of 
Claims 1-14 and 16 be reversed. 

If the Examiner believes a telephone conference would expedite prosecution of this 
application, please telephone the undersigned at 650-326-2400. 

Respectfully submitted, 



Richard T. Ogawa V 



Richard T. Ogawa 
Reg. No. 37,692 



TOWNSEND and TOWNS END and CREW LLP 

Two Embarcadero Center, 8 th Floor 

San Francisco, California 94111-3834 

Tel: 1650-326-2400 

FaxJ 415-576-0300 

RTO:dhe 



Encl.: Appendix of claims involved in appeal 
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APPPIMPTX - T TSTING OF T HF. CLAIMS 

1. A method of fabricating a flash memory device including an array of 

split gate cells, comprising: 

providing a silicon substrate having a top surface; 
forming a common source region in an area of said top surface for each pairofsaid 

i 

cells; 

implanting ions into predefined areas of each said common source region; 
Iforming floating gates associated with said cells, each said floating gate having a 
isubstantial portion thereof overlying one of said predefined areas, said predefined 
areas having been implanted with said ions; 

forming select gates each having a first extremity extending over at least a 

i portion of one of said floating gates; and 

forming drain regions associated with said cells, each said drain region 
being positioned proximate a second extremity of one of said select gates; 
whereby said step of implanting ions into each of said predefined areas adjusts the 
channel threshold voltage and provides a high coupling ratio for the associated 

; flash cell. 

2. A method of fabricating a flash memory device as recited in claim 1, 
! wherein said step of forming a common source region on said substrate includes 
• the steps of: 

patterning a photoresist disposed over said substrate to substantially define 
said predefined area at which the common source region is to be formed; 

implanting ions into said substrate to form said common source region 
: using said patterned photoresist as an implant mask; and 
removing said patterned photoresist. 
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3. A method of fabricating a flash memory device as recited in claim 2, 
wherein said ions implanted to form said common source region include arsenic 
iions. 

4. Amethodoffabricatingaflashmemorydcviceasrecitedinclaim 1, 
wherein said step of forming a common source region includes the steps of: 

forming a sacrificial oxide layer over said top surface of said substrate; 

patterning a photoresist disposed over said substrate to substantially define 
said predefined area at which the common source region is to be formed; 

implanting ions into said substrate to form said common source region 
using said patterned photoresist as an implant mask; and 

removing said patterned photoresist and said sacrificial oxide layer. 

5. A method of fabricating a flash memory device as recited in claim 1, 
wherein said step of forming floating gates includes the steps of: 

forming a tunneling oxide layer over each said top surface area of said 
< substrate; 

depositing a first polysilicon layer over said tunneling oxide layer; 
depositing a nitride masking layer over said first polysilicon layer; 
patterning and etching said nitride masking layer to expose first and 
second portions of said first polysilicon layer, said exposed first and second 
: portions substantially define first and second floating gate regions; 

implanting ions into said first and second floating gate regions to adjust 

said threshold voltage; 

forming a floating gate oxide layer over said first and second exposed 

portions of said first polysilicon layer; 

removing said nitride masking layer, 

etching said first polysilicon layer and said tunneling oxide layer using 
said floating gate oxide layer as a mask leaving remaining portions of said first 
polysilicon layer and said tunneling oxide layer disposed beneath said floating gate 
oxide layer, and exposing a portion of said substrate, said remaining portions of 
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U first polysilicon layer forming first and second floating gates associated with 
each saxd cell, said floating gates having side walls and a portion which overhes a 
portion of said common source region thereby providing a high coupling ration for 

the associated cell. 

6. A method of fabricating a flash memory device as recited in claim 1 
wherein said step of forming said select gates includes the steps of: 

forming an insulating layer over the exposed portion of said substrate and 
jthe floating gate oxide layer covering said floating gates; 

forming a second polysilicon layer over said insulating layer; 

forming a conductive layer over said second polysilicon layer; and 

removing portions of said conductive layer, said second polysilicon layer, 
and said insulating layer to form said select gates. 

7. A method of fabricating a flash memory device as recited in claim 6, 
i wherein said step of forming an insulating layer over said exposed portion of said 
' substrate and said floating gate oxide layer covering said floating gates includes 
| the steps of: 

forming a first gate oxide layer over said exposed portion of said substrate, 
i over said floating gate oxide layer, and over said floating gates; . 

forming a nitride layer over said first oxide layer, 
I performing an etching process to remove a portion of said nitride layer and 

I leaving nitride spacers adjacent said side walls of each of said floating gates; and 
forming a second gate oxide layer over said first oxide layer, over said 
nitride spacers and over said floating gate oxide layer. 

8. A method of fabricating a flash memory device as recited in claim 6, 
; wherein said conductive layer includes tungsten. 

9. A method of fabricating a flash memory device as recited in claim 5, 
wherein said ions include Boron ions. 
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10. A method of fabricating a flash memory device as recited in claim 6, 
wherein said step of forming drain regions associated with each cell includes the 

steps of: 

patterning and etching said conductive layer and portions of said substrate 
to substantially define the boundaries of drain areas of said substrate; and 

11. A method of fabricating a flash memory device as recited in claim 4, 
wherein said step of implanting said ions into said substrate to form said common 

i source region includes: 

implanting arsenic ions at a dose in the range of 1 x 1 0 14 /cm 2 to 5 x 
1 0 14 /cm 2 and at an energy range of 80 to 150 KeV. 

12. A method of fabricating a flash memory device as recited in claim 5, 
wherein said step of depositing a first polysilicon layer over said tunneling oxide 
layer includes: 

depositing polysilicon upon said tunneling oxide at a temperature of 
approximately 620 degrees C in order to form said first layer having a thickness in 
the range of 500 to 2500 angstroms. 

13. A method of fabricating a flash memory device as recited in claim 12, 

wherein said first polysilicon layer includes SiH4. 

14. A method of fabricating a flash memory device having a high coupling 

ratio, comprising : 

providing a silicon substrate having a top surface; 

forming a sacrificial oxide layer over said top surface of said substrate; 

patterning a photoresist layer disposed over said sacrificial oxide layer to 
substantially define a source region of the substrate; 

implanting first ions into said substrate to form a common source region of 
said substrate using the patterned photoresist layer as an implant mask; 

removing said patterned photoresist layer and said sacrificial oxide layer to 
expose said top surface of said substrate; 
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forming a tunneling oxide layer over the exposed top surface of said 
substrate; 

i depositing a first polysilicon layer over said tunneling oxide layer; 

depositing a nitride masking layer over said first polysilicon layer; 

patterning and etching said nitride masking layer to expose at least one 
first portion and at least one second portion of said first polysilicon layer, said first 
*nd second exposed portions substantially defining first and second floating gate 
regions, each said floating gate region having a substantial portion thereof 
overlying said common source region, said common source region having a 
portion that has been implanted with said first ions; 

implanting second ions into portions of said substrate defined by said first 
land second floating gate regions and including opposite extremities of said 
common source region, in order to adjust the threshold voltage of the flash 
! memory device; 

forming a floating gate oxide layer over said first and second exposed 
\ portions of said first polysilicon layer; 

removing said nitride masking layer, 

etching said first polysilicon layer and said tunneling oxide layer using 
i said floating gate oxide layer as a mask leaving remaining portions of said first 
polysilicon layer and said tunneling oxide disposed beneath said floating gate 
I oxide layer, and exposing a portion of said substrate, each said remaiiung portion 
[ of said first polysilicon layer forming a floating ate having side walls; 

forming a first gate oxide layer over said exposed portion of said substrate, 
: over said floating gate oxide layer, and over said floating gates; 
forming a nitride layer over said first oxide layer; 

performing an etching process to remove a portion of said nitride layer and 
leaving nitride spacers adjacent said side walls of each of said floating gates; 

forming a second gate oxide layer over said first oxide layer, over said 
nitride spacers and over said floating gate oxide layer; 
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: forming a second polysilicon layer over said second gate oxide layer, 

forming a conductive layer over said second polysilicon layer; 
removing portions of said conductive layer, said second polysilicon layer, 
said second gate oxide layer, said nitride spacers and said first gate oxide layer to 
I form a plurality of select gates each having a portion overlying a portion of an 
associated one of said floating gates; 

patterning and etching said conductive layer to expose portions of said 
substrate to substantially define the boundaries of at least on drain area of said 
' substrate; and 

implanting third ions into said drain area of said substrate to form al least 
one drain region; 

whereby the floating gate having a portion which overlies a portion of said 
common source region thereby providing a high coupling ratio for an associated 
cell. 

15. (Cancelled) 

16. A method of fabricating a flash memory device as recited in claim 14, 
wherein said first ions include N-type ions and said second ions include P-type 

' ions, whereby threshold voltage of the flash memory device is adjusted. 
17-20. (Withdrawn) 



60193258 vl 
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TOWNSF.ND and TOWNS12ND andCRIiW U.V 
Oy : _ 



IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 



In re application of: 

jChun-Mai Liu et a). 

Application No.: 09/827,056 

filed: !April 3, 2001 

For: METHOD OF FABRICATING 
HIGH-COUPLING RATIO SPLIT GATE 
FLASH MEMORY CELL ARRAY 



Examiner: 
Art Unit: 



Thomas J.Magee 
2811 



ft PPFT.l ANT'S ^ prpT? TTWHRR 37 CFR 



Assisiant Commissioner for Patents 
Washington, D.C. 20231 

Dear Sir. 



! Applicants appeal the final rejection of claims M4«d 16 P atent 
application. The claims on appeal have been finally rejected pursuant to MPEP 706.07(a). 

Accordingly, * is »PP eal is P ro P er and is flled m 
I. i REAL PARTY T N INTEREST: 

. The real party of interest of the above-identified application is W^/^tlonRoad 
Corporation a Taiwan company having its principal place of business at No. 4, CreaUon Road 
SrsSn^Based Industrial PaVk, Hsinchu, Taiwan ROC- -s,gnment „ recorded m the 
U.S. Patent and Trademark Office on at Reel/Frame 01 1685/0699. 

U. ! RELATED APPEALS AND T NTF.RFKRENCES; 

; There are no appeals or interferences related to the present appeal. 
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HI. icTATifSftF CLAIMS: 

•n*;™ 1 14 and 16 are pending and are the subject of this appeal. Claims 1 and 14 are 
objecte oto 

S that 4 In Claim 1, "said predefined areas having been implanted with said ions, s 
££££ SimnSTn Claim 14, the phrase, - ... said common region M * pomon^at 
has been implanted with said first ions," is repetitive. Corrections are required. Applicants 
respectfully disagree. 

• All pending claims 1 - 14 and 16 stand rejected under 35 U.S.C. §103(a) as being 
unpate^ole overlin et al., (US 6,355,527) in view ^^^^t^ 
admitted prior art in the same Final Office Action mailed October 20, 2003. Applicants also 
disagree to the Examiner's rejection. 

IV. STATUS OF AMENDMENTS: 

There are no amendments filed after the final rejection. In accordance with 37 CJFA. 
l.lMtfc) (9), a copy of the claims involved in the appeal is contained m the Appends attached 
hereto. 

V. . SUMMARY THF. INVENTION: 

: The present invention relates to a method of fabricating a split gate flash memory device^ 
including ceurhaving an increased coupling ratio thereby reducing the time and voltage required 
SpS^eachcell .More particularly, me invention ako includes tohold voltages 

2£ZS by implanting ions into V^^'^^^^^^^J^S"^ 
, to allow for precise threshold voltage control. Details of the claimed method are provided 

below. 

I A preferred embodiment of the present invention provides a process of fabricating a flash 
memW device including an array of split gate cells. The method includes providing "Jem 
substrate having a top surface and forming a common source region in an area of the top surface 
for ££p* ofsaid cells [Page 5, line 30 to page 6, line 2, and Fig 2A]. The * 
certa* process sequence for selected steps in the manner claimed. Preferab y, 
implante ions into predefined areas of each common source region [Page 6, lines 3 - 15, and Fig. 
2B] *nd then fonJ floating gates associated with the cells. That is, the formation of toe floating 
gates occurs after implantation of ions into predetermined areas. Each floating gate has a 
substantial portion thereof overlying one of the predefined areas, which have already been 
implanted with ions from the previous step of implantation [Page 6, line 16 to page 8, line 3 , Figs 
2C-2E. The method then forms select gates, each having a first extremity extending over at least 
a pdrtion of one of the floating gates [Page 8, lines 4-1 4, Figs. 2F and 2G]. The method also 



PAGE 50/69 ' RCVD AT 4/19/2004 3:18:34 PM [Eastern Daylight Time] * SVR:USPT0-EFXRF-1/4 * DNIS:8729306 * CSID:650 326 2422 * DURATION (mm-ss):21-42 



APR. 19. 2004 12:30PM TTC-PA 650-326-2422 



NO. 6980 P. 51 



PATENT 

Chun-Mai Liu et al. 
Application No.: 09/827,056 
Page 3 

forms drain regions assoc.** »i«h the cell* Each of the fcair. regions pos " 

described m further detail below. 

«„„SrZSnd portions substantially defile first and ^*"^f£%Z 
exposMnrsiano ' patterning process is used to determine the overlap 

Ket T££ USB, I^region pig- 2C]. A threshold Implanon step occurs 

after the patterning process. 

Specifically, the method then implants ions into portions of the 
first an« second floating gate regions and including opposite extremities of Ae common source 

taSZ^Lta. gates associated with each cell . These floati ^ 
and a portion which overlies a portion of the common < source repon, thereby V™**£W 
couplL ration for the associated cell [Page 7, lines 13-18, Figs. 2D and 2E). ^ «J™* 
eaThetdetermines the extent of the overlap and, therefore, the coupling ratio [Fig. 2C-2E]. 

" Using the specific process of the present invention, certain benefits are achieved over 
convenSSques. 55L present process is easy to use and avoids certain IJ£™B 
SSf the prior art. Additionally, the step of planting ions 

first and second floating gate regions adjusts the channel threshold ^^^ weUW 
thresholdvoltages[Page3,lines27-31]. The step of forming the floating gates after 
^ZlZ Surce region allows the floating gate patterning step tc .determine tiie desired 
overiap bSween the floating gate and the source region, and, as a resuk, » „ 

LSEg ratio for the associated flash cells. In contrast, m convenhona devices me couphng 
£rwe^ source and floating is limited by the side diffusion of the ions Hnplanted after the 
floSga^ormation [Paie 2, line 24 to page 3, line 26]. The.high coupling ratio allows for 
%£SA programming of L present flash memory device and reduces the time and voltage 
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require* to program each cell. These and other benefits will be described throughout the present 
appeal 'and more particularly below. 

VI. ! ISSUES 

i 

• The following issues are presented: 
1. Whether me Exaniiner properly objected to claims 1 and 14 mv^asbeine 
2 Whether claims 1 -1 4 and 16 were properly rejected under 35 U.S C 103(a)^ 
unp^table over Lin et al. (US 6,355,527) in view of what the Examiner considers admitted 

prior ajrt. 



VIL 



GROUPING THE CLAIMS: 



In the present case, the rejected claims do not all stand or fall together. Appbcmtti 
submit that certain claims present distinct issues concerning paten^ For purposes of 
preserving these distinct issues, Applicants group the claims a$ follows. 



Group 1: 

i 

Group 2: 
Grou£ 3: 
Group 4: 
Group 5: 
Clairti 6: 
Group 7: 
Group 8: 
Group 9: 

i 

Groiip 10. 

i 

Groijip 11 
Growp 12 
Grojip 13 



Claim I, which stands or falls by itself. 
Claim 2, which stands or falls by itself. 
Claim 3 , which stands or falls by itself. 
Claim 4, which stands or falls by itself. 
Claims 5 and 9, which stand or fall together. 
Claim 6, which stands or falls by itself. 
Claim 7, which stands or fells by itself. 
Claim 8, which stands or falls by itself. 
Claim 10, which stands or fells by itself. 
Claim 1 1 , which stands or fells by itself. 
Claims 12 and 13, which stand or fall together. 
Claim 14, which stands or falls by itself. 
Claim 16, which stands or falls by itself. 
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Vni. ALIMENTS; 

L„ flll « e a ii the claims do not stand or fall together, Applicants present arguments for 
each clS lnSef. Before specifically discussing the Examiner section as 

the claim groups, Applicants first address fta ^Examiner . basts for 
nSntaiUg the rejection which was applied to all pending claims. 

im proper P ««« Vn * Rejections 

^cBxannner baa no. appreciated.^ 

summarized the grounds for maintaining the rejection ot Claims 
103(a) !in paragraph 14 on pages 9 and 1 0, as follows: 

!»With regard to Independent Claims 1 and 14, Examiner must again reiterate that 
:he can only interpret language posed in limitations of claims and currently, Lin et 
:al. discloses those tenets recited in the claims of the instant application of 
lApplicant, *. ™ rhrnnalc ^ 1n th * 

in the clairr * «f** *TP»" plication. Therefore, arguments appear 

i moot." [Emphasis Added.) 

^S^SLology. »hich ft. Examiner haa not appreciated. Usmg clam, 1 » an cample, 

it rect{es, inter alia, 

■yL., ^^nurcereeion in an area of said top surface for each pair of said cells; 

r --} r ;„„„ w into nredef w ^ nrtas of each raid common source re^on; 

ffigfjjgqg g;^. ^ ^ JjSrf^ refine* are,, havtn, been . 

implanted with said ions: ... " 

Since the floating gate is formed to overlie the predefined area, and the predefined area 
"has be^ irnptiS wlfaid ions", it is clear that ion implantation into 
r3 pnS* the floating gate formation, such that a substantial portion of the Acting gates 
3"es implanted common source region in the substrate that has been ^planted wxth the 
toZ ' Here forming the floating gates occurs after the predefined area has already been 
;£JS, so that a substantial portion of the floating gate is formed to overlie the 
implanted common source region. 



PAGE 53/69 ' RCVD AT 4/19/2004 3:18:34 PM [Eastern Daylight Time] * SVR:USPT0-EFXRF-1/4 * DNIS:8729306 * CSID:650 326 2422 * DURATION (mm-ss):21-42 



APR. 19. 2004 12:31PM TTC-PA 650-326-2422 



NO. 6980 P. 54 



! . • . PATENT 
Chun-Mai Liu et al. 
Application No.: 09/827,056 
Page 6 ; 

Logically and grammatically, forming the floating gates occurs after implanting ions in 
the mainefclaimed. In contrast, Lin et al. used a completely different process sequence , 
Column^ lines 26 - 28 of Lin et al. stated, "source implantation is performed after the forming 
of the gating gate (140) as shown in FIG. 2E." Further, Claim lof Lin et al. (US 6,355,527) 
recitesj inter alia, 

«' . etching said first polysilicon layer to form said floating gate using said regions of poly- 
oxide as a hard mask; then 

forming a second photoresist layer over said. substrate and patterning to define source region; 
then 

pefforming ion implantation through openings in said second photoresist layer to form source 
region, then 

The Examiner is mistaken in stating that: "no chronology of process steps disclosec I in the 
reference or recited in the claims of the instant application." (Paragraph 14, Response to 
ArgSents in the 10/20/2003 Office Action) As noted above, Lin et al. disc oses the sequences 
of Sing the first polysilicon layer, then forming a second photoresist^ and then perfonnmg ion 
^plantation, which are not the inventions of claims 1 and 14. Accordingly, claims 1 and 14 arc 
patentable over Lin et al. 

The Examiner also misunderstands how the "coupling ratio" is increased by Lin et al. and 
the invention of claims 1 and 14. The Examiner stated, 

" The lateral diffusion in the reference (Figure 2G) is both calculable and useful for 
increasing coupling." 
The Examiner further stated, 

"Applicant has apparently misread in reference, since the coupling ratio is due to the 
Distance source extends beneath gate, as claimed in the reference and also recited m the 
instant application." 

Applicants note that, since the device in Lin et al. is formed with source implant after the floating 
gate formation, the coupling between source and floating gate is provided by lateral diffusion of 
source beneath gate. This side diffusion is limited, because the maximum allowable diffusion 
depth of the common source region is limited (See, specification of the instant invention, page 4 
lines.23 - 30). Under such Umitation, Lin et al. sought to obtain higher coupling ratio by 
coupling the floating gate with an extra polysilicon line. Lin et al. stated, The main feature of 
the invention, ... to form a poly line (165) continuous over the source region (125 ).. . (Col. o, 
lines! 51 -58) and" ... the poly line provides an additional vertical wall area along the edges of 
foe floating gates (140). The additional area shares the voltage levels imposed between source 
(125) and the floating gate (140),... by virtue of the increased sidewall coupling area between the 
source and the floating gate . the coupling ratio is also increased..." (Col. 6, lines 64 - Col. 7 . 
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lineS). In contrast, the invention** claims 1 and 14 recites a different method for achieving 
higher coupling ratio. 

the hieh coupling ratio flash cell device of the present invention overcomes the side- 
mJEStiZI^ * forming the implanted common ?™"?^™*£\ n 
fc™!?n J the floatine eates (See, specification of the instant invention, page 4 lines 23 JUj. m 
££E of*e floating gate over the implanted — so^ce region is 

fncreLSS fce distance The source region 1 16 extends beneath the floating gate 124A. 124B is 
provided by the method of the present invention. 

Accordingly, the invention as recited in Claim 1 and 14 of the instant application _ 
tmmdes^eTod to increase the extent of the overlap between source and floating gate without 

coupling ratio. Lin et al. does not show or suggest, these claimed features. Therefore, claims 1 
and 14; are patentable over Lin et al. 

Claimi Objections 

'. The Examiner objected to claims 1 and 14 in the Final Office Action mailed October 20, 
2003, . • . 

: "In Claim 1, the recitation, 'said predefined areas having been implant^ wiflr said ion,' 
is redundant. Similarly, in Claim 14, the phrase, ' .... said common source „ 
porXh* has been implanted with said first ions,' is repetitive. Corrections are required. 

AppiiL* ™* *» recitations were introduced in Applicants '- 08/ \^l\^mmool 

the dmose of clarifying the chronology of the process sequence, in response to the 6/18/2003 
SffSSon SSfscuLed earlief, the Examiner still fails to appreciate the chronology and 
regard toese piles redundant and repetitive. Applicants submit float wtth the amendment of 
Station, "said predefined areas having been implanted with said ion/' in d-jml ™» 
SeaXt the floating gate is formed after the common source region has beei, .formed ^and has 
been implanted with the ions, because the floating gate has a subdual P«*""^^ 
area which has been implanted with the ions. Similarly, m claim 14> me recitation .^sad 
common source region having a portion that has been implanted with ^ 
clarifies that the floating gate is formed after the common source ^^X^ST 
been implanted with the ions. Logically and grammatically, forming the floating gates occurs 
after implanting ions in the manner claimed. 
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j 

Therefore claims 1 and 14 as amended clearly demonstrates a chronology of process 
^q^Sf^M from the process sequence described in Lin et al Applicants request 
that the T Examiner's objections to Claims 1 and 14 be removed. 

ftsiection of »!««-« i m rt«r S 103(a> 

' The Examiner rejected Claims 1 - 1 4 and 6 under 35 U.S.C 103(a) as unpatentable over 
Lin ct aMu! 6^55,527) in view of wht the Examiner considers admitted prior art. Apphcants 
respectfully traverse the rejection of these claims. 

I To establish iprima facie case of obviousness under §103(a) each of three requkements 
must be met. First, there must be some suggestion or motivation either in ^^the references 
Semse! ™or in the knowledge generally available to one of ordinary skil in the art to combuie 
3c^ mX a reference 8 (MPEP § 2143.01.) a reasonable expectoUon^ 

S "lust exist that the proposed modification will work for the mtadrf pmpose (MP EP § 
2143 02 ^ Moreover, both of these requirements must "be found m the prior art, not in 
a^UcUs disclosure" (MPEP § 2142.) Third, the reference or * ef ^f s ^^ 
combination, must disclose or suggest every element recited in the claims. (MPEP §2143.03.) 

, Because all the claims do not stand or fall together, Applicants will present argument for 
each c^laim groups. 

Claim Group 1 

: The Examiner has maintained his rejection of claim 1 under 35 U.S.C 103(a) as being 
unpatentable over Lin et al. (US 6,355,527) in view of Wolf (Silicon Processing for theVLSI 
ESvoL2» Lattice Press, Sunset Beach, Ca., (1990), pp. 321 - 322). Here, the Examiner 
suggested that Lin et al. disclosed a method for forming split-gate flash memories with 
mfrTvet treated coupling ratio and that Wolf, pp. 321 - 322, showed adjustment of channel 
threshold voltage using ion implantation. The Applicants disagree with the Examiner s 
argument 

In rejecting Claim 1, the Examiner stated in the 10/20/2003 Office Action, 

"Regarding Claim 1, Lin et al. clearly disclose a method for forming split-gate flash 
themories with improved, increased coupling ratio. A common source region is. J™* 
(125) (Figure 2G) in a silicon substrate. Source implantation is done using n-type implants 
(Col. 6 lines 42 - 45) and drains (120) implanted at opposite sides of the source (and within 
the vicinity (second extremity) of gate regions) (Figure 2G) using n-type implants (Col 7, 
fines 14 - 18). Floating gates (140) (Figure 2D) are formed, overlying areas of the common 
source region (Figure 2D) and extremities extending over the (first) part of the structure. 
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common source region . such that a ^^^^^^^ forming me 
implanted common source region in the substrate. ^ c ^^ ^TrSs to disclose or 
Zing gates occurs after implanting ions m the manner dmm£ ^^Xating gate having 
suggest! at least, Arming floatmg having 

be tu& 

— v. • u Hn *t ni with Wolf to teach a concept of threshold voltage 

other etaenU. Although Wolf could have taught . £^S3 dM! 

cell in the manner claimed. 

Accordingly, Claim 1 is patentable over the cited references. 

r,1aimiGroup2 

The Examiner rejected claims 2 under 35 U S.C. 103(a) as ^«>£ ™ Lin * 
al.in view ofWolf, as applied to and ^«^* to(P ^ rf 
Semiconductor Devices," John Wiley & Sons, New York (1981), p. 68). 

Aoolicants submit that dependent Claim 2 that is dependant from the amended daimlis 

included in claim 2 when combined with independent claim 1 . Theretore, Claim ^ P 
over the cited prior art. 

Qaii q Group_3 

The Examiner rejected claims 3 under 35 U.S.C. 103(a) as being W^£ e <J* Lin 61 
al. in view of Wolf, as applied to Claim 1 above £ ( 

Semiconductor Devices," John Wiley & Sons, New York (1981), p. 68). 

The Applicants submit that dependent claim depends from the amended claim 1, and 
therefore, fs also patentable. The dependent claim is patentable at least for the reasons given 
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above, among other reasons. Here, the cited references do not show or suggest 1 teco^tton 
of 2ts included in claim 3 when combined with independent claim 1 . As noted, Clann 3 is 
also patentable for other reasons. 

In oarticular Claim 3 further recites that the ions implanted to form me common source 
region EK!£ietaii The Examiner stated in paragraph 5 on page 3 m the Fmal Office 
Acnonjmailed October 20, 2003, 

'•Although Lin et al. disclose (col. 6, lines 42 - 45) the implantation o^hosphoru^ both 
arlnic Sd phosphorus are n-type implants and either could be used. The > 
coefficients of these n-type dopants are well known in the art ( See Sze, page 68) *> d 
aSce?in lateral and/or vertical diffusion lengths can bbe readily calculated and implant 

?X^SZ£L*m*. w rtfcr Phosphorus ^^ t ^ *aS^ dn 

V IZ an it would ^ J-""** tn u** arsenic and therefore obvious to one of ordinary skill 
Se art a the time of t he invention since fr.fr wohM prod^ similar t0 
combine Sze, Wolf and Lin et al. to obtain ion implant n-type impurities within a flash 
memory device to form source regions." 
1 Applicants note that the Examiner's statements include arguments that appear 
incoriSt. In the above statement, the Examiner alleged, . .Sme. 0 
slightly faster than arsenic, it would be desirable to use arsenic . . Butm the Response .to 
ArSi' the Examiner stated, . .lateral diffusion in the reference (Figure 2^ » 
e*£bte and useful for increasing coupling," (paragraph 14, page 10. of f" *^ £2* for 
3i mailed on 10/20/2003). It would then follow that usmg arsenic instead of phosphorus for 
s3 St in Lin et al. would have resulted in less lateral diffusion and would have 
te&Sl ^coupling ratio. How could the Examiner state that it would be desirable to use the 
slow£diffusing arsenic ? The Examiner's arguments appear inconsistent. 

As discussed earlier, the coupling ratio in the instant invention is determined by the 
patterning process which determine the overlap between the floating gate and the source^ 
B«Se instant application does not depend on lateral diffusion for increased coupling ratio, 
arseriic can be advantageously used to make shallow devices. 

'. In addition, Lin et al. clearly taught away from using arsenic in source r ^°" im P^. . v 
For example, Lin at al. stated (Col. 6 lines 42 - 44). "Source implant is accomplished preferably, 
by using phosphorous ions." In addition, even though claim 21 of Lin et aL suggested usmg 
aXc for drain region implantation, claim 15 of Lin et al. clearly recited using Phosphorus for 
3e region imputation. Accordingly, the combination of Lin et al., Wolf, and irtoriy 
failed to show or suggest, but actually taught away from, the elements of claim 3 in the "tftent 
application. Accordingly, there is no prima facie case of obviousness. Therefore, claim 3 is 
patentable over the cited references. 
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riaim Gjroup 4 

L Examiner rejected claim 4 under 35 UAC 103(a) ^f f Z^TrZZ^t " 
al in view of Wolf as applied to Claim 1 above, and further in view of Wolf et al ( Silicon 

for the V?SI P ERA: Vol.l -Process Technology," Lattice Press, Sunset Beach, Ca., 
(1986), pp. 321 -322). 

Because Claim 4 depends from Claim 1, Applicants believe that claim 4 is allowable for 
at kgSZnlS claim 1 is allowable. In addition, the Examiner correctly noted that 
li uTe S sScToxides is not disclosed. Here, the cited references do not show • orj suggest 
the Combination of elements included in claim 4 when combined with independent claim 1 . 
Therefore, Claim 4 is patentable over the cited prior art. 

j 

Claim Group 5 

The Examiner also rejected claims 5 and 9 under 35 U.S.C. 103(a) as being unpatentable 
over Lin et al. in view of Wolf, as applied to Claim 1 above. 

Because Claim 5 and 9 depend from Claim 1 , Applicants believe ^that Claims 5 juid 19 are 
patentable for at least the same reasons that claim 1 is patentable. In addition, Lin et al. and 
Wolf taken either separately or in combination, did not disclose or suggestion, at least, 
IpLw ions inlaid first and second floating gate regions to adjust sa ld ^Mvo^ 
2d Cherein said ions include Boron ions." Although Wolf could have taught a generally 
"L^Sestold voltage implanting, it failed to show or suggest that ^^JJ^* 
each off said predefined areas adjusts the channel threshold voltage and provides a high coupling 
ratio for the associated flash cell in the manner claimed. Absent a disclosure of each claim 
element and motivation to modify Lin et al., there is no prima facie case cTobviousness. 
Accordingly, Applicants believe claims 5 and 9 are patentable over the cited references. 

i 

Claim Group 6 

The Examiner rejected claim 6 under 35 U.S.C. 103(a) as being unpatentable over Lin et 
al. in view of Wolf, as applied to Claim 1 above. 

Because Claim 6 depends from Claim 1, Claim 6 is patentable for at least the same 
reasons that claim 1 is patentable. In addition, as the Examiner correctly pointed out Lin et al. 
did not explicitly identify a conductive layer. Wolf also failed to disclose or suggestion, at least 
» foS a conductive layer over said second polysilicon layer;..-;" Absent a disclosure of each 
claim element and motivation to modify Lin et al., there is no prima facie case of obviousness. 
Accordingly, Claim 6 is patentable over the ched references. 

ClaimlGrOUO 7 
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The Examiner rejected claim 7 under 35 U.S.C 103(a) as being unpatentable over Lin et 
al in view of Wolf, as applied to Claim 6 above, further in view of Mizuno ("Hot Carrier 
Injection Suppression Due to the Nitride-Oxide LDD Spacer Structure, IEEE Trans. On 
Electron Deices, Vol. 38, No. 3, (1991), pp. 584 - 591.) 

Because Claim 7 depends from Claim 6, Applicants believe that claim 6 is patentable for 
at least'the same reasons that claim 6 is patentable. In addition, as the Examiner correctly 
pointed out that Lin et al did not disclose the composition of the spacer as a nitride. Although 
Mizunno could have taught a generally concept of nitride spacers it failed to show or suggest the 
claim elements of the method for the flash memory device described in Claim 7. Claim 7 recites, 
inter alia, "forming a nitride layer over the first oxide layer, performing an etching pwccwto 
remove a portion of the nitride layer and leaving nitride spacers adjacent the side walls of each of 
the floating gates, and forming a second gate oxide layer over said first oxide layer, over said 
nitridei spacers and over said floating gate oxide layer,. . ." 

> The Examiner alleges that "..it would have been obvious to one of ordinary skill in the art 
at the time of the invention to use the nitride spacers of Mizuno et al in Lin et al. and to combine 
Mizunb et al. with Wolf and Lin et al. to obtain appropriate hot carrier suppression. In making 
this statement, the Examiner fails to realize that a flash memory device utilizes hot earner 
injection for programming. Any method for hot carrier suppression would be counterproductive. 
The Examiner, in fact, produced a motivation to not use the claimed method. Accordingly, 
Applicant submit that claim 7 is patentable over the cited references. 

Claim Group 8 

Claim 8 is rejected under 35 U.S.C. 103(a) as being unpatentable over Lin et al. in view 
of Wolf as applied to Claim 6 above, and further in view of Wilson ("Handbook of Multilevel 
Metallization for Integrated Circuits, " Noyes Publ., Westwood, New Jersey, (1993), p. 868). 

i Because Claim 8 depends from Claim 6, Applicants believe that claim 8 is patentable for 
at least the same reasons that claim 6 is patentable. In addition, the cited references do not show 
or suggest the combination of elements included in claim 8 when combined with independent 
claiml 6. Accordingly, Applicant believe that claim 8 is patentable over the cited references. 

Claim Group 9 

, Claim 10 is rejected under 35 U.S.C. 103(a) as being unpatentable over Lin et al. in view 
of Wblf, as applied to Claim 6 above. 

Because Claim 10 depends from Claim 6, Applicants believe that Claim 10 is patentable 
for at least the same reasons that claim 6 is patentable. The cited references do not show or 
suggest the combination of elements included in claim 10 when combined with independent 
claim 6. Accordingly, Applicants believe that claim 10 is patentable over the cited references. 
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naimGjrouDll 

Claim 1 1 is rejected under U.S.C 1 03(a) as being unpatentabe over Lin et al. in view of 
Wolf anjd further in view of Wolf et al., as applied to Claim 4 above. 

Because Claim 1 1 depends from Claim 4, Claim 1 1 is patentable for at least the same 
^ns mSm 4 £ patentable. Appicants submit that Claim 1 1 is also patentable over the 
StXffen^^ Claim 11 recites a method in which implantmg .ons into the 

^ange oh x 1 0 1 * /cm 2 to 5 x 10 14 /cm 2 and at an energy range of 80 to 150 KeV^ The Examiner 
combined Wolf, Wolf etal. andLinetal to re jectclaim 1 1 as unpatentable ^er^ 5U.S.C. 
loTfaTl However as noted in the previous discussion on claim 3 in Claim Group 2 the 

et al., Wolf, and Wolf et al. not only failed to show J*j2£t 
taueht aW from using arsenic in the source region implant as recited m claim 1 1 m the instant 
^Ucaton y ZoZgly, Applicants believe claim 1 1 i. patentable over the cued references 

i 

Claim Group 12 

i 

Claims 12 and 13 are rejected under U.S.C. 103(a) as being unpatentabe over Lin et al. 
in viewj of Wolf, as applied to Claim 5 above. 

(Because Claims 12 and 13 depend from Claim 5, Applicants believe ' l ^^ d . 
13 axe patentable for at least the same reasons that claim 5 is patentable. In addmon Applicant 
believe I Claims 12 and 13 are patentable for other reasons. For example, Lm et al. did not 
disclose at least " depositing polysilicon upon said tunneling oxide at a temperature oi 
a^xUtelyl 520 degrees C..» Accordingly, Claims 12 and 13 are patentable over the cited 

references. 

! 

i 

Claim Grout) 13 

! Claims 14 has been rejected under 35 U.S.C 103(a) as being unpatentable over Lin et al. 
in view of Wolf, Mizuno et al., and Wilson et al. 

• The Examiner indicated that Lin et al. suggested a method of forming high coupling ratio 
flash memory as recited in the instant application. In the Response to Arguments in the CMfice 
Action 1 mailed October 20, 2003, the Examiner also stated that there was no chronology of 
process steps disclosed in the reference or recited in the claims of the instant applrcation. As 
discussed earlier, Applicants respectfully submit that the claim 14 has been amended for 
clarification purposes and demonstrate certain chronology. Claim 14 now recites each floating 
gate rigion having a substantial portion overlying the common source region which has a portion 
mat bis been implanted with the first ions. Here, implanting ions occurs before forming the 
floating gates since a substantial portion of the floating gates overlies the implanted portion of 
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the common source region, the common source region having a portion that has been implanted 
witSfirst ions. Logically and grammatically, forming the floating gates occurs after 
ml^f S ions in the manner clawed. As discussed earlier, Lin et al. used a completely 
differer|t process sequence 

Therefore, Claim 14 as amended clearly demonstrates a chronology of process sequence 
that is different from the process sequence described in Lin etal. Lin fahs to disclose or 

^aung gates associated with said cells, each ™*«^J*°£™* 
a substantial portion thereof overlying one of said predefined areas, wd predefined areas having 
been implanted with said first ions" 

The Examiner also combined Lin et al. with the threshold implants of Wolf the nitride 
spacers of Mizuno et al., and the conductive tungsten layers of Wilson et al. to teach a flash 
memory cell with increased coupling ratio. Applicants assert that the combination of these 
SSes fails to show or suggest the claimed combination of elements for febneatmg a flash 
rneSy device having a high coupling ratio recited in claims 14. As noted earlier, Lin et al 
SS^different method of increasing the coupling ratio by using a separate polysihcon ayer to 
P rovid|e coupling with the source region, which has nothing to do with Claim 14 of the instant 
invention. 

: With regard to threshold implant, lthough Wolf could have taught a generally concept of 
threshold voltagVimplanting, the combination of cited prior art still failed to show or suggest the 
method recited in Claim 14 which includes patterning and etching mtnde masking layer to 
expose at least one first portion and at least one second portion of the first polysihcon layer 
overlying a portion of the implanted common source region, and implanting ions into portions of 
the substrate defined by the first and second floating gate regions and deluding opposite 
extremities of said common source region, in order to adjust the threshold voltage of the flash 
memory device. 

, Similarly, although Mizuno et al. could have taught the general concept of nitride spacers 
and Wilson et al. could have taught the general concept of using tungsten as a conductive layer, 
these Inferences in conjunction with Lin et al. still failed to teach the combination of elements in 
claim 1 14, which includes, inter alia, forming second gate oxide over the first gate oxide layer, 
over the nitride spacers and over the floating gate oxide layer, forming a second polysihcon layer 
over the second gate oxide layer, forming a conductive layer over the second polysihcon layer, 
and removing portions of the conductive layer, second polysihcon layer, second oxide layer, 
nitride spacers and first gate oxide layer to form a plurality of select gates having a portion 
overlying a portion of an associated one of the floating gates. As noted earlier, the Examiner 
actually suggested that Mizuno taught using the nitride spacer to reduce hot earner effects, 
whereas in a flash device, it is desirable to enhance hot carrier effects for programming. Thus 
the cited references teach away from the elements of the instant invention. 
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. a ne j;co« «P*t Mrlier It is clear that Lin et al. and the other cited 

pi aim Gtroup 14 

Claims 16 has been rejected under 35 U.S.C 103(a) as bring unpatentable over Lin et al ? 
in view ;of Wolf, Mizuno et al., and Wilson et al., as applied to Claim 14. 

Applicants respectfully disagree. Since claim 16 is dependant from 
, a. ri n £? ?fi is natenteble for at least the reasons given above. Additionally, the cited references 

is patentable over the cited art. 
CONCLUSION: 

In view of the foregoing arguments distmguishing claims 1-14 and 16 over the art of 

Claims! 1-14 and 16 be reversed. 

If the Examiner believes a telephone conference would expedite prosecution of this 
application, please telephone the undersigned at 650-326-2400, 



Respectfully submitted, 




Liehard T. Oeawa U 



Richard T. Ogawa 
Reg. No. 37,692 



TOwifSEND and TOWNSEND and CREW LLP 

Two Embarcadero Center, 8 Floor 

San Kancisco, California 94 1 1 1 -3834 

Tel: 650-326-2400 

Fax: 415-576-0300 

RTO:dhe 



Encl.:; Appendix of claims involved in appeal 

I 



i 
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APPENDIX - T . ^TTNG OF T HE CLAIMS 

1 . A method of fabricating a flash memory device including an array of 

split gate cells, comprising: 

providing a silicon substrate having a top surface; 
Forming a common source region in an area of said top surface for each pair of said 
pells; 

implanting ions into predefined areas of each said common source region; 
forming floating gates associated with said cells, each said floating gate having a 
isubstantial portion thereof overlying one of said predefined areas, said predefined 
areas having been implanted with said ions; 

forming select gates each having a first extremity extending over at least a 
^portion of one of said floating gates; and 

forming drain regions associated with said cells, each said drain region 
being positioned proximate a second extremity of one of said select gates; 
| whereby said step of implanting ions into each of said predefined areas adjusts the 
; channel threshold voltage and provides a high coupling ratio for the associated 
1 flash cell. 

2. A method of fabricating a flash memory device as recited in claim 1, 
1 wherein said step of forming a common source region on said substrate includes 
the steps of: 

patterning a photoresist disposed over said substrate to substantially define 
: said predefined area at which the common source region is to be formed; 

implanting ions into said substrate to form said common source region 
' using said patterned photoresist as an implant mask; and 

removing said patterned photoresist. 
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; 3. A method of fabricating a flash memory device as recited in claim 2, 
wherein said ions implanted to form said common source region include arsenic 
io|ns. 

; 4. A method of fabricating a flash memory device as recited in claim 1. 
therein said step of forming a common source region includes the steps of: 

forming a sacrificial oxide layer over said top surface of said substrate; 
! patterning a photoresist disposed over said substrate to substantially define 
said predefined area at which the common source region is to be formed; 

implanting ions into said substrate to form said common source region 
u>ing said patterned photoresist as an implant mask; and 

removing said patterned photoresist and said sacrificial oxide layer. 

S. A method of fabricating a flash memory device as recited in claim 1, 
wherein said step of forming floating gates includes the steps of: 

forming a tunneling oxide layer over each said top surface area of said 

substrate; 

depositing a first polysilicon layer over said tunneling oxide layer; 

depositing a nitride masking layer over said first polysilicon layer; 

patterning and etching said nitride masking layer to expose first and 
Second portions of said first polysilicon layer, said exposed first and second 
portions substantially define first and second floating gate regions; 

implanting ions into said first and second floating gate regions to adjust 
said threshold voltage; 

forming a floating gate oxide layer over said first and second exposed 

portions of said first polysilicon layer; 

removing said nitride masking layer, 

etching said first polysilicon layer and said tunneling oxide layer using 
said floating gate oxide layer as a mask leaving remaining portions of said first 
polysilicon layer and said tunneling oxide layer disposed beneath said floating gate 
ioxide layer, and exposing a portion of said substrate, said remaining portions of 
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s&id first polysilicon layer forming first and second floating gates associated with 
qach said cell, said floating gates having side walls and a portion which overlies a 
jiortion of said common source region thereby providing a high coupling ration for 
the associated eel). 

6. A method of fabricating a flash memory device as recited in claim 1 
wherein said step of forming said select gates includes the steps of: 

forming an insulating layer over the exposed portion of said substrate and 
the floating gate oxide layer covering said floating gates; 

forming a second polysilicqn layer over said insulating layer; 

forming a conductive layer over said second polysilicon layer; and 

removing portions of said conductive layer, said second polysilicon layer, 
and said insulating layer to form said select gates. 

7. A method of fabricating a flash memory device as recited in claim 6, 
wherein said step of forming an insulating layer over said exposed portion of said 
Substrate and said floating gate oxide layer covering said floating gates includes 
■the steps of: 

forming a first gate oxide layer over said exposed portion of said substrate, 
.over said floating gate oxide layer, and over said floating gates; 
forming a nitride layer over said first oxide layer; 

performing an etching process to remove a portion of said nitride layer and 
'leaving nitride spacers adjacent said side walls of each of said floating gates; and 

' forming a second gate oxide layer over said first oxide layer, over said 
' nitride spacers and over said floating gate oxide layer. 

8. A method of fabricating a flash memory device as recited in claim 6, 
wherein said conductive layer includes tungsten. 

9. A method of fabricating a flash memory device as recited in claim 5, 
. wherein said ions include Boron ions. 
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10. A method of fabricating a flash memory device as recited in claim 6, 
wherein said step of forming drain regions associated with each cell includes the 
steps of: 

patterning and etching said conductive layer and portions of said substrate 
to substantially define the boundaries of drain areas of said substrate; and 

11. A method of fabricating a flash memory device as recited in claim 4, 
wherein said step of implanting said ions into said substrate to form said common 
source region includes: 

implanting arsenic ions at a dose in the range of 1 x 10 14 /cm 2 to 5 x 
io'Vcm 2 and at an energy range of 80 to 1 50 KeV. 

12. A method of fabricating a flash memory device as recited in claim 5, 
wherein said step of depositing a first polysilicon layer over said tunneling oxide 
ljayer includes: 

depositing polysilicon upon said tunneling oxide at a temperature of 
approximately 620 degrees C in order to form said first layer having a thickness in 
the range of 500 to 2500 angstroms. 

13. A method of fabricating a flash memory device as recited in claim 1 2, 
wherein said first polysilicon layer includes SiH4. 

14. A method of fabricating a flash memory device having a high coupling 

ratio, comprising : 

providing a silicon substrate having a top surface; 

forming a sacrificial oxide layer over said top surface of said substrate; 

patterning a photoresist layer disposed over said sacrificial oxide layer to 

jsubstantially define a source region of the substrate; 

implanting first ions into said substrate to form a common source region of 
said substrate using the patterned photoresist layer as an implant mask; 

removing said patterned photoresist layer and said sacrificial oxide layer to 

expose said top surface of said substrate; 
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forming a tunneling oxide layer over the exposed top surface of said 
Substrate; 

depositing a first polysilicon layer over said tunneling oxide layer; 

depositing a nitride masking layer over said first polysilicon layer, 

patterning and etching said nitride masking layer to expose at least one 
iirst portion and at least one second portion of said first polysilicon layer, said first 
and second exposed portions substantially defining first and second floating gate 
tcgions, each said floating gate region having a substantial portion thereof 
overlying said common source region, said common source region having a 
portion that has been implanted with said first ions; 

implanting second ions into portions of said substrate defined by said first 
and second floating gate regions and including opposite extremities of said 
fcommon source region, in order to adjust the threshold voltage of the flash 
memory device; 

forming a floating gate oxide layer over said first and second exposed 
{portions of said first polysilicon layer; 

removing said nitride masking layer; 

etching said first polysilicon layer and said tunneling oxide layer using 
isaid floating gate oxide layer as a mask leaving remaining portions of said first 
'polysilicon layer and said tunneling oxide disposed beneath said floating gate 
oxide layer, and exposing a portion of said substrate, each said remaining portion 
! of said first polysilicon layer forming a floating ate having side walls; 

forming a first gate oxide layer over said exposed portion of said substrate, 
1 over said floating gate oxide layer, and over said floating gates; 

forming a nitride layer over said first oxide layer, 

performing an etching process to remove a portion of said nitride layer and 
leaving nitride spacers adjacent said side walls of each of said floating gates; 

forming a second gate oxide layer over said first oxide layer, over said 
nitride spacers and over said floating gate oxide layer; 
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! forming a second polysilicon layer over said second gate oxide layer, 
forming a conductive layer over said second polysilicon layer, 
removing portions of said conductive layer, said second polysilicon layer, 

said second gate oxide layer, said nitride spacers and said first gate oxide layer to 

form a plurality of select gates each having a portion overlying a portion of an 

associated one of said floating gates; 

patterning and etching said conductive layer to expose portions of said 

sUstrate to substantially define the boundaries of at least on drain area of said 

substrate; and 

; implanting third ions into said drain area of said substrate to form at least 
qne drain region; 

whereby the floating gate having a portion which overlies a portion of said 
clommon sburce region thereby providing a high coupling ratio for an associated 
cell. 

15. (Cancelled) 

16. A method of fabricating a flash memory device as recited in claim 14, 
wherein said first ions include N-type ions and said second ions include P-type 
Jons, whereby threshold voltage of the flash memory device is adjusted. 

17-20. (Withdrawn) 
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